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For non occupationally exposed subjects, manganese in ambient air 

represents a minor source of exposure. In rural and urban areas without 

signif icant manganese pol lut ion, annual average levels of manganese in 

ambient air are mainly in the range of 0.005 - 0.07 pg /m 3 . With local 

industr ial pol lut ion, this level can rise to an annual average of 0.2 -

0.3 pg/m 3 or even h igher. Alveolar deposition of manganese may be 

estimated to be in the range of 0.07 - 0.5 ug/day as an average and 6-7 

pg/day under high environmental exposure condit ions. Even i f the total 

amount deposited in the lungs is absorbed, the amount of manganese 

entering the circulation daily from the respiratory tract is much lower than 

that absorbed from the gastrointestinal t rac t . 

Manganese is an essential element for mammals. It is incorporated in 

various enzymes and is a cofactor for a number of enzymatic reactions. 

Toxic effects of manganese have been mainly reported in workers 

chronically exposed to manganese dust and fume and more rarely among 

subjects l iving near ferromanganese plants (Elstad D. Norsk magazin for 

laegeridenskaben 3.. 2527, 1939; Nogawa K. et a l . Jpn j . Public Health 2Cf 

315, 1973; Saric et a l . International Conference on Heavy Metals in the 

Environment, vo l . I l l , 27, 1975; Suzuki Y . , I nd . Med. 12. 529, 1970) or 

dr ink ing water contaminated by manganese (Kondakis et a l . A r c h . Envi ron. 

Health 14, 175, 1989). The two main target organs following • chronic 

excessive exposure are the lungs (increased incidence of pneumonitis, 

bronchit is and chronic non specific lung disease) and the 
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central nervous system (neurobehavioral symptoms and neurological signs 

characteristic of an extrapyramidal syndrome!. 

The level of exposure to manganese which prevents the occurrence of 

central nervous system and lung disturbances has not yet been well 

def ined. A WHO study group has concluded that there are indications that 

symptoms and signs which are not specific but may be connected with the 

early stage of the neurotoxic effects of manganese (manganism) can be 

found in a number of workers who have been exposed to manganese con

centration of about 0.5 mg/m3 of a i r ; at approximately the same exposure 

levels, certain susceptible individuals may develop chronic manganese 

poisoning. Our recent studies on two cohorts of workers exposed to 

manganese oxides and salts support this conclusion. Adverse effects on 

the lungs of manganese exposed workers do not seem to appear at 

concentrations below 0.3-0.5 mg/m3 of a i r . Studies performed on 

populations l iving near manganese emitting factories have suggested that 

an increased incidence of pneumonia and/or acute bronchit is m^y occur at 

lower levels of airbone manganese (references mentioned on page ?K It 

has been pointed out , however, that the increased incidence of pulmonary 

diseases found in these studies is not necessarily at t r ibutable to manganese 

i tself . Other factors, including socioeconomic factors, which had not been 

considered may have influenced the resul ts. 

For occupational exposure, WHO (Geneva) has tentat ively recommended a 

value of 0.3 mg of respirable manganese particles per m3 of air as a 
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time-weighted average exposure. The preliminary results of an 

epidemiologic study among Belgian workers exposed to manganese dioxide 

in a d ry alkaline-battery plant indicate that such exposure level may not 

necessarily prevents the occurrence of discrete neurofunctional changes in 

some subjects. This more recent study suggests that for occupational 

exposure it seems indicated to keep the airborne concentration (TWA) of 

respirable manganese particles below 150 pg/m3 (as manganese). 

For the general environment, WHO (Air qual i ty guidelines for Europe, WHO 

regional publications. European series; N° 23 - WHO Regional Office for 

Europe, Copenhagen 1987) has recommended an annual average of 1 pg 

manganese/m3 as a guideline value. This value should incorporate a 

suff icient margin of protection for the most sensitive population group. 
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Manganese 

General Description 

Sources 
Manganese (Mn) is an element widely distributed In the c irih's crust. It i$ 
considered to be the twelfth most abundant element an i the fifth most 
abundant metal. Manganese does not occur naturally in its native state. 
Oxides, carbonates and silicates are the most important arnpng manganese* 
containing minerals. The most common manganese mindral is pyrolusite 
(MnOj), usually mined in sedimentary deposits by openfcast techniques. 
Manganese occurs in most iron ores. Its content in coal is in the range 
6-lGO/jg/g; it is also present in crude oil, but at substantially lower con
centrations (I). 

Manganese is mainly used in metallurgical processes, is a deoxidizing 
and desulfurizing additive and as an alloying constituent. I has other uses, 
e.g. in the production of dry-cell batteries, the productio i of manganese 
chemicals and in some other chemical processes, as well. s in the manu
facture of glass, in the leather and textile industries, anc as a fertilizer. 
Organic carbonyl compounds are used as fuel-oil additive!, smoke inhibi
tors, and as anti-knock additives in petrol (2). 

Crustal manganese enters the atmosphere by a numbet of natural and 
anthropogenic processes, which include the suspension oi road dusts by 
vehicles, wind erosion and suspension of soils, particular!) in agricultural 
and building activities and quarrying processes. The resuttir g mechanically 
generated aerosols consist primarily of coarse particles <p 2.5//m mass 
median aerodynamic diameter (MMAD)). The smelting of natural ores and 
the combustion of fossil fuels also result in the ejection of crustal manganese 
to the atmosphere in the form of fume or ash in the fine-particle range 
(S2.5jifm MMAD). Manganese is released to the atmosphere during the 
manufacture of ferroalloys and other industrial processes. 1 Icarly one half 
of all industrial and combustivc emissions of manganese are i rom ferroalloy 
manufacture and about one tenth from fossil-fuel combjstion. Minor 
amounts are generated by other processes. The use of rrjanganese fuel 
additives constitutes an additional source (2). 
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MANGANESE 

As an element of low volatility, manganese tends to letilc out near 
sources of pollution, but fine particles containing manganes can be distrib
uted very widely. The most common forms of manganese co npounds in the 
coarse particulates of crustal origin are oxides or hydroxic :s of oxidation 
state +2, +3. +4, and manganese carbonate. The mangai ese emitted by 
metallurgical processes consists of oxides. The manganese f om combusted 
methylcyclopentadienyl manganese tricarbonyl (MMT), use 1 in some coun
tries as a fuel additive, is emitted primarily as Mn,04. Min ite amounts of 
organic manganese compounds may be present in ambient a r under certain 
conditions. However, MMT is rapidly photodegraded to norganic man
ganese in sunlight. The estimated half-time is 10-15 seconds (2). 

Manganese dioxide can reaei with sulfur dioxide or nitr >gen dioxide to 
form manganous sulfate and dithionate, or manganese nitra e, respectively. 
It has been shown that aerosols of manganous sulfate c n catalyse the 
oxidation of atmospheric sulfur dioxide to sulfur trioxide, hus promoting 
the formation of sulfuric acid (2). 

Occurrence in air 
The natural level of manganese in air is low. Background concentrations of 
0.05 to 5.4 ng/m' over the Atlantic Ocean (3), and 0.01 ng/ nJ at the South 
Pole (4) have been reported. A concentration of 0.006//g 'm' in air at a 
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height of 2500 m and an annual average concentration of 0.027pg/m> at 
823 m were reported (5). The national air surveillance nei work of urban 
areas in the USA indicated an annual average manganese c mcentraiion of 
0.033//g/m' in 1982 (2). In two cities of the Federal Repub ic of Germany 
(Frankfurt am Main and Munich), annual mean concentr uions of man
ganese ranged between 0.03 and O-lG-i/g/m1 (6), and in B< Igium over the 
period 1972-1977 concentrations of manganese, expressed] also as annual 
means, between 0.042 and 0.456/ig/m1 were reported (7) The Environ
mental Agency Japan (8) reported an annual mean man ;anese concen
tration in the air of Japanese cities of about 0.02-O.8O//g/ m\ with maxi
mum 24-hour concentrations of 2-3pg/m'. 

From these and other data it can be concluded that annui I average levels 
of manganic, in ambient air in nonpollutcd areas range frorr approximately 
0.01 to 0.03//g/m\ while in urban and rural areas without significant 
manganese pollution annual averages are mainly in the range of 0.01-
0.07/jg/m1. With local pollution near foundries, this leve can rise to an 
annual average of 0.2-0.3/ig/m' and. in the presence of fe rro- and silico-
manganese industries, to over 0.5pg/mJ (9). In such plai es the average 
24-hour concentrations may exceed IO//g/mJ. 

About 80% of manganese emitted into the atmosphere is associated with 
particles with an MMAD of less than 5//m, and about 50*3 > with particles 
with an MMAD of less than lfjm. More recent data, hewever, tend to 
indicate that less than $0% of the total measured manganese n ambient air is 
found in fine particles (9j. 

Atmospheric particulate matter, including manganese, is transported by 
air currents until it is lost from the atmosphere by either d y or wet depo
sition. Manganese deposit in dustfall is more than twice tha I in rainfall (2). 
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The highest values of manganese concentrations in ink working environ
ment have been reported from manganese mines, ore-processing plants, 
dry-cell battery plants, and ferromanganese plants. In 1 lining operations, 
manganese concentrations up to 250 mg/m' or even high :r have sometimes 
been found, In dry-cell battery plants and ferromangancs< plants the concen
trations of manganese in air are lower. Values up to 5 •8mg/m\ but oc
casionally also higher — up to 20 mg/m' or even more — I ave been reported 
(10). An important point is that in ferromanganese plants, sut also in dry-ceil 
battery plants, the size distribution of manganese aerosol is such that small 
particles prevail absolutely, compared with mining op:rations, where a 
smaller proportion of respirable particles is usually enc< umcred. There is 
also some evidence that aerosols formed by condensat on may be more 
harmful than those formed by disintegration. Whether 01 not this is caused 
by differences in the distribution of panicle si2C remains tp be clarified (10). 

Roites of Exposure 

Air 
Because of the low solubility of manganese oxides, only inhaled manganese 
particles small enough to reach the alveoli (3s 2.5pm MfV AD) are likely to 
enter the bloodstream. Alveolar deposition of manganese 
to be in the range of 0.07-0.5pg/day as an average and < 
high-exposure conditions (2). 

nay be estimated 
-7pg/day under 

DrinkJag-water , 
Concentrations of manganese in fresh water may vary frot. less than one to 
several thousand pg/litre (11). Drinking-water generally c ontains less than 
100pg manganese per litre. In 100 of the largest cities in the USA, 97% of the 
surveyed public water supplies contained concentrations b< low IOO//g/litre. 

Food 
Manganese concentration in foodstuffs varies markedly, I ut on the whole 
food constitutes a major source of manganese intake for humans. The 
highest concentrations are f<?>'«4 in some foods of plant 4rigm, especially 
wheat and rice, with concentrations between 10 and 10<hitg/kg, Polished 
rice and wheat flour contain less manganese, since most Gt' it is in the bran. 
High concentrations of manganese have been found in t :a leaves. Eggs. 
milk, fruits and meat generally contain less than I mg mang inese per kg (2). 
ln a study performed in Canada (12) it was estimated thatTpf people's total 
manganese intake via food. 54% came from cereals and 14ft from potatoes, 
whereas meat, fish and poultry provided only 2% of manganese intake. 
However, there is a difference in manganese concentratio ^ for the same 
items in different countries and areas. Thus, daily mang inese intake by 
adults from food may vary over a rather wide range (2-1) mg). The daily 
intake for children aged 3-5 years averages 1.4mg/day aid for children 
aged 9-13 years 2.18 mg/day (13). The daily intake of mang inese bv boi tie-
fed and breastfed infants is very low because of the low concentrations of 
manganese in both breast-milk and cow's milk (14). 

M> 
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Relative significance of different routes of exposure 
Total human exposure to manganese may be estimated from information on 
the levels in air. water and diet. The degree of uptake of manganese by 
inhalation is dependent upon particle size because of the l< w solubility of 
manganese oxides. Deposition of manganese in the alveoli ci n be calculated 
from the ambient concentration and the fraction present it fine particles. 
Alveolar deposition of manganese at current ambient lev<Ls may be esti
mated at 0.07pg/day as an average and 6-7pg/day under high-exposure 
conditions (2). Thus, daily intake through inhalation gener illy constitutes 
less than 0.1% of the total daily intake by the general popula tion and rarely 
exceeds 1%, even in heavily polluted areas (1). Estimates o' total thoracic 
deposition, including panicles deposited in the tracheobr menial region, 
range from about 0.26/; g/day (average) to 10//g/day (high (2). 

Ingested manganese in diet is estimated to be 0.002-0.014 mg/Vg body 
weight per day in infants and 0.06-0.08 mg/Vg body weight p :r day in adults 
(1). The daily intake of manganese from food by adults appea s to be 2-9 mg. 
In Europe and the USA studies suggest a likely range of I -5 mg, while in 
countries where grain and rice make up a major portion < if the diet, the 
intake is more likely to be in the range of 5-9 mg. The cons imption of tea 
may substantially add to the daily intake (I). The med an intake via 
drinking-water is about 0.008 mg/day, but can be as high as LO mg/day for 
some water supplies. However, the average daily intake of n anganese with 
water is unlikely to constitute more than 1-2% of the total intake of 
manganese. The ingestion of particles cleared from the re ipiratory tract 
probably constitutes no more than 0.01 mg/day under the h}ghest ambient 
exposure conditions (2). 
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Kinetics and Metabolism 

racs for inhaled 
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The 

issue levels of 
varies 

equally well 

There are no quantitative animal data on absorption 
manganese compounds. Mena ct al. (15) found that, in 17 hiimans 
to a nebulized solution of manganese chloride and in 4 hum ins 
manganese oxide in a similar fashion, 40-70% of the deposit d 
recovered in the faeces. Both compounds were labelled with 

Manganese absorption is controlled by home©3sn.tic mefchanisms 
absorption rate will depend on the amount ingested and on 
manganese, tn mice and rats, absorption of ingested mafigancse 
between 1 and 3.5%. It seems that manganese is absorbcp 
throughout the small intestine. 

An increase in the iron content of milk decreases the whole-body 
of orally administered **Mn in rats by a factor of 10 (16). M4 
actions with other elements (cadmium, nickel, indium, rhod 
and ethanol at the level of gastrointestinal absorption were 

Mcnaet al.(IS) found that 11 normal individuals absorbe I 
3% of a dose of 200 jug manganese chloride labelled with 
human study (17) indicates that manganese absorption take, 
fusion in iron overload states and by active transportation in 
and jejunum in iron deficiency states. 

retention 
nganese inter-
um, selenium) 
ilso observed. 
an average of 
Mn. Another 
place by dif-

hc duodenum 



rnui'i c i n T L c u r r 

ft'-

\i 

266 

iuc (. i i . ?a i i i io 

AIR QUALITY GUIDELINES 

jiu.iOoUviHoio rrnir. (\ 

blood and at first 
stributcd to other 

Absorbed manganese is rapidly eliminated from ih« 
concentrates mainly in the liver. Excess metal may be d 
tissues. Concentrations of manganese are characteristic of the individual 
tissues, and almost independent of the species. Manga icse preferentially 
accumulates in tissues rich in mitochondria. It penctrites the placental 
barrier in all species and is secreted in milk (2). 

The highest concentrations of manganese in man have been found in the 
liver, kidneys, endocrine glands, and in the small and la ge intestines. The 
total body-burden for manganese has been estimated at 8 -10 mg; about 35% 
of this amount is found in muscle tissue and 20% in the iver (18). 

In blood, manganese is bound to proteins. In the trivalent state it can 
bind to transferrin and in the divalent state to an cr-m icroglobulin. The 
organic compound MMT is rapidly metabolized. The dist ibution in general 
is similar to that seen after exposure to inorganic manga icse (I). 

The apparent absence of cases of chronic oral mangai ese toxicity could 
be attributed to the extremely efficient homeostatic mecr antsm, well docu
mented in animal and human studies, which prevents th : accumulation of 
manganese in the body and maintains systemic plasma rr anganese concen
trations at constant levels (2.19). Manganese is excreted pi imarily via biliary 
clearance (2). However, it is possible that the capacity of Aie liver to excrete 
higher amounts of inhaled or injected manganese is limit id, resulting in an 
increase in the tissue retention of manganese and, cor sequcntty, in' the 
manifestation of toxic effects (19,20). In excessive cxpoi ure other gastro
intestinal routes may participate. Urinary excretion is sm, 11; in humans it is 
less than I/ig/day. This means that only about 0.01% oft ic body-burden is 
excreted daily via that route. Manganese is also excrete i via sweat, hair, 
ptacenta and milk. 

The biological half-time of manganese depends on th'. body-burden of 
manganese. Experiments have shown that manganese elir tination from the 
brain is slower than that from the whole body. In hum* ns without occu
pational exposure to manganese the half-time is around ; 5 days (21) 

Health Effects 

Manganese is an essential element. It is a constituent of sevjeral enzymes and 
ean also activate many enzymes. Manganese deficiency w ts described only 
once in a man given a synthetic diet in which manganese tad been omitted 
by mistake. Amorag the symptoms and signs were der Tiatitis, pigment 
changes of hair, retarded hair growth and hypocholestei olaemia (I). Ex
cessive exposure to manganese has been shown to caus t toxic effects in 
animals and humans. As manganese is regarded as a meta 
low toxicity, acute poisoning by manganese in humans is 

Effects on experimental animals 
A large number of studies on laboratory animals were performed in order to 
explain the mechanism underlying the neurotoxicity oi'm inganese seen in 
exposed workers (2). Although animal experiment's shovf that in chronic 

with a relatively 
jvcry rare (2). 
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manganese intoxication the central dopaminergic system is disturbed, the 
mechanism of manganese neurotoxicity has not been elucid; ted (2.22). 

Recent studies indicate that age may play a role in the e trapyramidal 
disturbances seen in human manganism, suggesting that tie aging brain 
shows differing susceptibility vis-a-vis the toxic effects nf manganese 
(2,23). However, some new studies raise the intriguing possibility that 
lifetime treatment with manganese has some beneficial effee s on the aging 
brain (23). An accurate dose-response relationship for inhab tion exposure 
and neurotoxicity is unobtainable at present from the available animal 
studies (2). T 

Inhalation studies of the pulmonary effects show the occu Tcncc of acute 
respiratory effects (oedema and leukocyte infiltration) wh< n the level of 
exposure exceeds 20 mg MnO, per mJ (2). Mice and monk< ys exposed to 
Mn02 by inhalation showed pathological effects after chron c (10 months) 
exposure to 0.7 mg/m1 (24). Studies in which animals were exposed for a 
long period of time (66 and 40 weeks) to about 0.1 mg MnO p< r mJ as Mn,04 

particles or aerosols of respirable panicle size showed no resp ratory effects, 
but the studies had several methodological deficiencies whii h reduce con
fidence in the negative results (25,26). 

It is plausible that exposure to manganese may increase si isccptibility to 
pulmonary infections by disturbing the normal mechanism of lung clear
ance. However, it seems that a primary inflammatory reaeti< n can occur in 
the lung after exposure to Mn02, if the concentration is high enough, 
without the presence of pathogenic bacteria (27). Studies on ohe influence of 
manganese on susceptibility to bacterial infections showed ncreased mor
bidity and mortality rates in animals infected before, during or after ex
posure to manganese dioxide (28,29). 

m 

Effects on humans 
The neurological disorder known as manganism may res iIt from occu
pational exposure to manganese dusts and fumes. Symptor is and signs of 
manganism have often been compared with Parkinson's disc ise, but certain 
differences should be noted. Patients with Parkinson's disi ase show pro
nounced disturbances of motor behaviour, which include tr :mor observed 
at rest rather than during intentional motor activity as in ma vganism. Fully 
developed manganism causes severe rigidity, with the exire nities showing 
the "cog*wheel" phenomenon (2.30). Manganism usually ; ppcars after a 
prolonged exposure of two or more years, but it may result from exposure to 
high concentrations of manganese for only a few months.' "he full clinical 
picture of chronic manganese poisoning has been reported nainly in man
ganese miners, but also in other occupations where cxposun: to manganese 
is high (2.30). The disease has been found less frequently at exposure levels 
below 5mg manganese per m\ However, there are repor s of signs and 
symptoms which may be connected with subclinical or earl clinical stages 
of chronic manganese poisoning in workers exposed to 0.3-5 mg manganese 
per m1. In connection with the toxic effects of manganese, a marked indi
vidual susceptibility has been observed (10.30). The dan available for 
identifying effects below I mg manganese particles per m are equivocal 
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and inadequate. Furthermore, no good biological indicate rs of manganese 
exposure are available at present. 

The toxic effects of manganese on the pulmonary systerr vary in type and 
severity. There are reports of humans developing pneumoni; in occupational 
but also in ambient exposure to manganese. Increased inctder ce of pneumonia 
was observed in workers, mainly miners, exposed to mar ganese at levels 
higher than 5 mg/mJ (2). tn a more recent study (31), an inc eased incidence 
of pneumonia and bronchitis was found in workers expos< d to manganese 
concentrations of 0.4-16 mg/m' in a factory producing mi ngancse alloys. 

Elstad (32) noted an 8-fold increase in mortality from p leumonia and a 
4-fold increase in pneumonia morbidity in the general popul itibn living near 
a ferromanganese plant in Norway. The air concentrator s of manganese 
were measured only once and were reported to be 46pg/m; at a distance of 
3 km from the plant. It was also reported that the incidenci of pneumonia 
followed the rate of production of manganese alloys. A laiyses of lung 
tissues from 11 persons who died from pneumonia sho< i/ed manganese 
concentrations of 0,35-1.63pg/kg wet weight. A higher pn valence of nose 
and throat symptoms, and lower values of lung function tests compared 
with controls, were observed in children attending a schoo situated near a 
ferromanganese plant (33), where the average manganes i exposure was 
about 7/jg/mJ (range 3-llpg/mJ). The study involved several hundred 
children, had a participation rate of over 97% and docume ited monitored 
levels of settled manganese dust for several years. Effects of till lower levels 
of airborne manganese (about I pg/m1) have been claimel to occur in a 
population living near a'manganese alloy plant, with an incr :ased incidence 
of acute bronchitis over an observation period of 4 years. 1 le incidence of 
pneumonia did not seem to exceed the expected values (34). t although sulfur 
dioxide concentrations were measured (annual means: 10-3 )pg/mi), other 
factors, including the socioeconomic factor, which had not b :cn considered, 
may have influenced the results. Chronic bronchitis has beei > reported to be 
more prevalent in workers exposed to manganese if they ar: smokers (35). 

A number of effects of manganese in other organs and systems have 
been claimed on the basis of results obtained from animal e periments and 
from epidemiological and clinical studies. These include a < ecrease in sys
tolic biO&U pr«ii'ssre values, an increased rate of spotuanc ous abortions, 
changes in erythropoiesis and granulocyte formation,disturt ed excretion of 
17-ketosteroids, and changes in the activity of some enzymes](2;. Reports of 
impotence in a number of patients with chronic maaganti. poisoning are 
also common. However, these effects have not been observed ponsistently. In 
some cases the implications of the results of animal experim 
health are uncertain and therefore they cannot be regarded a: 
assessment of the potential health risk of ambient exposure 

nts for human 
relevant in the 
to manganese. 

Evaluation of Human Health Risks 

Exposure 
In urban and rural areas without significant manganese po 
averages are mainly in the range of 0.01-0.07pg/m,,

l near foupd 
ution, annual 

ries the level 

s. 
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can rise to an annual average of 0.2-0.3pg/m1 and, where 
silicomanganese industries are present, to more than 0.5pg/m' 
vidual 24-hour concentrations exceeding lOpg/m'. 

269 

erro- and 
with indi-

Health risk evaluation 
Manganese is both an essential and, at higher levels, a toxic < lemcnt. In 
assessing the health impact of manganese exposure, the effect < n the CNS 
and the lungs should be regarded as the most significant. The n lurological 
disorder known as manganism has been reponed in the eonte « of occu
pational exposure to manganese, seldom at levels below 5 mg/ nJ. Studies 
related to signs and symptoms which may be connected with a su bclinical or 
early stage of manganese poisoning in workers exposed to concentrations 
below I mg/m' are equivocal or negative. 

Respiratory symptoms seem to occur at lower levels of < xposure to 
manganese, e.g. below 1 mg/m1, than do neurological symptom s and signs. 
Therefore, respiratory effects may be considered to be criticauin ambient 
exposure to manganese. Schoolchildren exposed to about 7pg manganese 
per m1 (range 3-11 pg/m1) emitted from a ferromanganese p ant had an 
increased prevalence of respiratory symptoms. This level of 7 Mg/m1 may 
therefore be considered the lowest-observed-efTect level (331 This con
clusion is supported by a repon of increased incidence of acute Bronchitis at 
levels of about I pg/m1 in a population living near a manganese alloy 
plant (34). 

The available evidence indicates that the current mangancie levels gen
erally found in industrialized countries are not in the conccot|ation range 
associated with potentially harmful effects. 

Guidelines J 
Available data from epidemiological studies suggest that! the lowest-
observed-adverse-effect concentration of manganese is about ypg/m1. It is 
assumed that below Ipg/m1 (annual average), adverse hea th effects of 
environmental exposure to manganese are not likely to occur; nd therefore 
an annual average of Ipg/m1?-"< commended as a guidelin: value. This 
value incorporates a sufficient margin of protection lov the f^u sensitive 
population group. As the critical effect is one of respiratory Irritancy it is 
desirable to have a short-term guideline value, but the present.d ata base does 
not allow such estimations. 
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CCMlZiNTS OK THE -VAI.'ER APPLICATION 3Y STi'.YL CORPORATION FOR 
HSTHYLCYCLOPiNTAOIlIivYL v.ANGAKiS3 TRI CARBONATE (MMT) AS A GA SO
LI N3 ADDITIV3. 

These comment^ are submitted at the request of the "thy! Corp
oration in support of its application for a waiver to permit the 
use of M-:T as an additive to gasoline. I am an independent consultant 
based ln Lafayette, California. In 1984 I wrote a comprehensive re
view of the scientific literature entitled "The Health Implications of 
Increased Manganese in the Zrvironnent Resulting from the Combustion 
of Fuel Additives. A Re1view of the Literature". It was published in 
the Journal of Toxicology and environmental :!ealth(Vol. 14, pp 23-46). 

The key questions considered in this review ware: 

"i. :iow would the Increments of manganese intake predicted 
from MMT use relate quantitatively to normal background levels 
and to levels known to be toxic? 

2. Are there differences In the absorption, distribution, 
and excretion of inhaled manganese, as contrasted with Ingest
ed Tvwnganese, which would make small Increases ln airborne man
ganese unusually hazardous? 

3. \'ould Individuals with iron-deficiency anemias be 
unusually susceptible because of Increased absorption of Mn? 

4. Are infanta hyp^rsusceptible, because of Increased 
intestinal absorption and poorly developed blood-brain barriers 
to metals? 

5. Are there effects, other than those on the central 
nervous system associated with high concentrations of Hn, that 
deserve consideration? These include acute respiratory disease, 
Interference with hematopoies"s, reproductive problems, muta
genicity, and carcinogenicity. 

6. From consideration of the above factors, is the use of 
MMT as q fuel additive acceptable in terms of the public's health? " 

After reviewing all available environmental, experimental and 
epidemiologic evidence I reached the following conclusions: 

1. The increments in manganese intake in humans resulting 
from the use of XKT would be within the physiologic range and far 
below those known to be toxic. 

2. While there are differences in the absorption, distrlb-
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utlon, and excretion of manganese that is inhaled as contrasted, 
wuth manganese that is ingested, the dlfferendes are relatively 
small. Animals that have inhaled manganese derived from the com
bustion of MMT In concentrations greatly in excess of any that 
would result from MMT's use as a gasoil-:- additiv? have not shown 
toxic effects. 
3. There is moderately increased absorption of Mn associated 

with iron deficiency anemias, but this related to ingestad Mn. 
Ar.y increments in ingestad Mn from -IM7 us* would be vlthln the 
variations that normally occur from differing dietary Intakes. 

4. /ery young experimental animals have Increased Intestinal 
absorption of ."n and poorly developed blood-brain barriers to 
metals. While this suggests that they night be hyporsusceptlblo 
to central nervous system effects from manganese, the increments 
of Hn fromMKT use would lie within a range to which they are al
ready being exposed and far below concentrations where such hyper-
susceptlbllity would be operative. 
5. Th-~re Is also no evidence to support any discernible inpact 

of ininute Increments of Mn from MI-IT on the respiratory tract, the 
cardiovascular system, hematopoiesis, or reproduction. Neither 
should mutagenic or carcinogenic effects be anticipated, in view 
of the fact that total Mn intakes would remain in the physiologic 
range essential to health. 
6. In spite of the fact that there are gaps in our knowledge 

of the metabolism of manganese and its functions and effects in 
Mdojic systems, these are -ore tha- balanced hy experimental 
studies with high concentrations of Mn derived from the combus
tion of "MT. The minute increments of tin that would result from 
the use of MMT as a gasoline additive .should not hav---! any ir.pact 
on the public's health " 

Vs of July 1990 I a-n not avar^ of any new evidence to alter thr-*je 
conclusions; if 3.v-/thina they have been strengthered. * r-'-view by 
Abbottt of the .Australian Department of :iealth(1957) and another by the 
Health iffectslnstltute (19R3) have been in essential agreement:. 

3o~e new. -tudieds made available in the course of the recent hearing 
wero reassuring. Roels et al (1987a, I9?7b) reported epidemiologic 
surveys of Belgian workers exposed to inorganic Mn. 'Jslng very sensitive 
tests for neurotoxicity and respiratory effects, they reported only mar
ginal changes at time-weighted averages of about 1,000 ug/m-* over long 
periods of time. 

The contributions by the Environmental Defense Fund(Dr. Sllon lil-
bergeld), Dr. Herbert L. .Needleman, and Dr. David :;all added no evidence 
to support their positions 3galnst the waiver. The first two were largely 
devoted to criticism of Sbhyl Corporation obviously related to the wit-. 
.lessos' long-standing concerns about lead. 

The analogies between lead and manganese drawn by Drs. Sllbergeld 
and Needlnnan are not scientifically <'a!id or relevant t<- the currf-nt 
issue. They disregard the fact that manganeso is essential to human 
health (acknowledged by Dr. Filbergald on page 19), while lead Is not. 
They ignore the fact that the range between lead exposures causing wn-
• ;iiestionabl2 toxicity <md those where effects are minuscule is of the 
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order of 10:1 or I23S. Cn tv;- ~>ther hand, for !.»angar.'.-»se ccnclu-.iv; 
neurotoxicity i." occupationally-exposed workers are associated with 
'•xpo^nres thousands of tlm-^s j.rea'r-r than th* concentrations -a^pjctvd 
to result fron. t'"2 u.̂ e oc "• 7 as a ^a^^ll^e additiv*. •„'!-•-» l.->tt?r ar'1 

'.'Itl i - ths; ra'igv of !;ac:'̂ ro'.ir-.d i >tako, 

lo::-.-.- specific poir-trs ral'--d :>y the witnesses dssorv--- brirf -ir-
:.:syi:!:i. I T . 'i Ibvr^ vie1 ?. i'Sg-j ~ :-ritlol?i>i' o:ii rsio". fro-ii StV'l "or,--
oratio.i'a pi-'i:.:'j':tatio": ;f a r ipo rt fro:.! t!ie California / I r "eso:-irc vr 
:j-oard(19<"',.)f -a.yi^j ':'-t it "' •ro-istrat?? that increases in -ilrborr* 
aad deposited .r.ar.ji-i-.ise >re related to additi^r^s of ;ian»ar.osi to ^a?-o I ivi 
air^vly pernitt'-..-: in ral i for-, la", i'.r- c'id -.ot poir.t out that tha re
port provided vr-ry r.;eak evidence, ii-ited to a few sites ln Southern Cal
ifornia to support the above. The authors concl'ided that "vehicular 
••-missions of manganese nay account for a significant part of icĥ  :-otai 
at urban sites in Southern California ". i.otavorthy iv the report '.-/as 
the fact that nearly all th-- easured Mn levols ware extremely lov, th'; 
--wai'. conceribr-.t ions reported for tlii- Central Valley, the San Francisco 
Day 'r-?;), ard Southern California b-ing 30, 15, and 30 nanograms .">er 
cubic neter respectively. IJ; nearly all sit^s the fraction -nttributod 
to vehicular emissions was iruch less than that from dust arising fr-r;. 
thv earth's crust. 

Dr. 'eed iorr.an's c'ra^atic calculation of the total amount of ?ic-
X-'.ncse that would bv> contributed to tho nation's air from the sa Le of 
IOC billion ^atlor.s cf gasoline containing 31.2 713 of :rr-T por gallon 
was not particularly alarr.'.ing The figure .he arrived at was 30,000 kg. 
'•/hen much of the soil of the United States contains 1000 parts per 
mllion. of -nangan^se, 33 additional tons does not sound like very much. 

The -T2--IS contribution summarized toxicologic studies of MMT, the 
danger of •which is '.nq'.ie--tioned and which must be tightly controlled. 
.-.owever this toxicity, prior to addition to gasoline, is not at issue. 
Dr. ball's conr-ents were clearly of interest but in several areas did 
not consider evidence that is already in the record. His statement 
that epideniolgoic studies on Mn have been primarily on humans exposed 
to large amounts of Mr-bearing dust/fumes (as in miners, :>etel workers, 
or grinders) Is of course true . As he ivfiows these have shown severe 
effects in workers exposed to 5,000 ug/m-* of Mn or more. In the range 
1000 itg/nr and up effects have been minor or equivocal. There are of 
course no studies in exposure ranges of 100 or 10 or .1. ug/ir, How would 
anyone design an epidemiologic study in exposure levels comparable to 
o-'.r normal background? 

A fundamental flaw In all of the arguments raised against the waiver 
has been a disregard for the importance of dose . Nearly anything is 
toxic in high enough concent rations. :k> one dlsuputes the fact that 
premature infants have bean made totally blinded by postnatal exposure 
to 100% oxygen. Children can be killed by sodium chloride in amounts 
that seen surprisingly small.. lieurotixic effects from extremely high 
doses of Kn shonld .not lead to the erroneous assumption that doses within 
the range normal background levels are hazardous. Even if some was 
in the tetroxide form and this were definitely more hazardous, we would 

. still be dealing with extraordinarily low doses. 
<£» 
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It is unfortunate that the opponents of the waiver have have paid 
so llttlo attention to probable environmental benefits from the addi
tive. T:'\h evidence for those seems far mors convincing thafi that ifor 
hypothetical and improbable health risks from Mn. 

I sincer.-ly hops that the Z--.'- considers i the scientific evidence 
c r fui.'y i; reaching its decision on the waiver. 

Respectfully, 

W. Clark Cooper, MB 
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SUMMARY 

A procedure is given for the determination of methylcyclopentadienylmanganese 
tricarbonyl (MMT) at ng m"3 concentrations in air. The method involves trapping of 
MMT in a small segment of gas chromatographic column and then determination by gas 
chromatography with an electrothermal atomic absorption detector. The detection limit 
of the procedure is 0.05 ng rrr3. Air samples from an underground car-park (when MMT 
was detected) were found to contain between 0.1 and 0.3 ng m"3 MMT. MMT was not 
detected in any of the street air samples taken. 

Methylcyclopentadienylmanganesetricarbonyl (MMT) is added to many of 
the so-called "unleaded" gasolines sold in North America, as an antiknock 
compound. Levels of MMT in these gasolines average about 0.16 g gal"1. 
MMT was discovered and patented by Ethyl Corporation and there is little 
information in the scientific literature concerning this compound. The 
current widespread distribution of MMT as a gasoline additive makes it essen
tial that a method be developed for its determination in environmental 
samples. Most procedures for the determination of MMT are indirect relating 
it to the total manganese found in a sample. TurkeMtraub et al. [1] described 
a gas chromatographic procedure for the related compound cyclopentadienyl-
manganesetricarbonyl (CMT). Only one procedure, that of Uden et al. [2], 
has been reported for the direct determination of MMT. This latter procedure 
is for the relatively high levels of MMT found in gasoline. In the following 
paragraphs, a procedure is outlined for the gas chromatographic/atomic 
absorption determination of MMT directly at ng nrf3 levels in air. 

The techniques of analytical atomic spectrometry can be used to advantage 
in the study of metal compounds, as metal specific detectors for chromato
graphy. Uden et al. [2] used d.c. argon plasma emission spectrometry as the 
detector in their work. The detection iimit obtainable by d.c. argon plasma 
emission for manganese is poorer than for electrothermal atomic absorption. 
Thus this latter detector was chosen in the current work because of the very 
low levels of MMT expected in environmental samples. 
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EXPERIMENTAL 

Apparatus and reagents 
A Perkin-Elmer 603 atomic absorption spectrometer was used with a 

Perkin-Elmer HGA 2100 furnace. A deuterium arc background corrector 
was employed. A Pye gas chromatograph (Series 104) was interfaced to the 
graphite furnace using a tantalum connector as previously described [3], 
A glass chromatographic column (2.3 m long, 6 mm o.d.) was packed with 
3% OV-1 on high-performance Chromosorb W (80/100 mesh). The gas from 
the chromatograph was transferred to the furnace through teflon-lined 
aluminium tubing. 

The gas chromatographic set up is illustrated in Fig. 1. (A) connects to a 
nitrogen cylinder. (B) is the sample oven containing the sample trap and 
4-way valve. (C) is the gas chromatograph connected through a standard 
injection valve to the column. (D) is the graphite furnace. The operating 
conditions for the gas chromatograph and the graphite furnace were as 
shown in Table 1. 

Samples of air were collected in teflon-lined aluminium U-tubes (30 cm 
long, 3 mm o.d.) packed with 3% OV-1 on Chromosorb W (80/100 mesh). 
These tubes were placed in a water—ice cooling bath. Air entered through an 
air filter previously described [3] and was pumped through the U-tube trap 
at about 70 ml min"1 using a vacuum pump. The length of sampling time and 
the average flow rate, checked frequently during sampling, were used to 
compute sample volume. 

MMT (Alfa Division, Ventron Corporation, Danvers, Massachusetts) was 
diluted in isooctane to produce the working standards. These standards were 
prepared fresh daily. 

Procedures 
Air samples were collected for various periods of up to 100 h and were 

retained in a freezer until run. 
The gas chromatographic system is assembled as shown in Fig. 1. All 

transfer lines between the sample oven (B) and the gas chromatograph (C) 
and thence to the graphite furnace (D), must be wrapped in 36-VV heating 
tape and held at 150°C throughout the procedure. 

4> 

\j 

0 

B C 

Fig. 1. Gas chromatograph system. 

« ' -A 
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TABLE 1 

Instrumental operating conditions 

Gas chromatography Atomic absorption spectrometry 

Carrier gas flow rate 80 ml min"' 
Oven temperature program 115°C isothermal 
Injection port temperature 150°C 
Outlet and transfer tube 

temperature 150°C 

120 s (dry cycle) 
240 s (char cycle) 

0 
60 ml min"' 

Ash 300°C 
Atomize 1800°C 
Internal gas flow 
External gas flow 

(NJ 
Wavelength 279.5 nm 
Slit 4 (0.7 nm) 
Background correction mode, 
Scale expansion (X 5) 

With the 4-way valve in the sample oven in the bypass position, the sample 
trap is placed in the cool sample oven and connected with Swagelok fittings. 
The nitrogen carrier gas flow rate is adjusted to 100 ml min'1 (which reduces 
to 80 ml min-1 when the sample trap is switched on). The sample oven is 
heated at 150°C for 10 min (no flow through the sample tube). The 4-way 
valve is then turned to start the flow through the sample tube, and the atomic 
absorption furnace program is initiated immediately. The gas chromatograph 
is run isothermally at 115°C. Gas flow is continued until the MMT peak has 
been recorded. 

Calibration is done by injecting an appropriate pl standard of MMT directly 
into the cooled, spent, sample tube in the sample oven. The above procedure 
is then followed exactly as for the sample. 

RESULTS AND DISCUSSION 

Optimization of the procedure 
Collection of MMT. Because of the very low levels of MMT expected in air 

and other environmental samples, it was necessary to employ a method of 
preconcentration. Two possibilities exist: (1) the MMT can be trapped in a 
solvent contained in a bubbler; or (2) the MMT can be trapped on an adsorber 
held at very low temperature. Both of these strategies were tried. 

A micro bubbler containing hexane was cooled in an ice bath. After collec
tion of the sample the hexane volume was reduced to 0.4 ml. A 10-pl aliquot 
was injected into the gas chromatograph. The detection limit using this 
approach was about 0.02 pg m"3 of air for an 8-h sampling period. This was 
shown to be too poor for the present purposes. 

The second trapping strategy is that outlined in the proposed procedure 
above. MMT is collected on a teflon-lined U-tube containing packing material 
similar to that used in the gas chromatographic columns. It was necessary to 
build a sample oven which contained a 4-way valve (which all6ws by-passing 
of the sample U-tube) so that any lines or other components carrying MMT 
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could be heated. This is because MMT has a relatively high boiling point 
and tends to condense out on cool transfer lines. 

Decomposition of MMT in transfer lines. In a similar study of tetraalkyl-
lead compounds, the problem of decomposition of these compounds in the 
metal transfer lines was noted. Teflon-lined tubing prevented this problem 
and was used as a precaution in this study as well. 

Calibration. Ideally it would be desirable to inject standard solutions 
through the injection valve for calibration and avoid collection on the sample 
trap. However, the chromatographic peaks obtained by direct injection and 
those obtained using the sample trap had slightly different retention times and 
were differently shaped. Thus, it was necessary to inject the calibration stan
dard onto the spent sample U-tube and follow the procedure exactly as for 
the samples. Peak area rather than peak height was used in the calculations. 

Comparison of atomizers. Interfacing of gas chromatography and atomic 
absorption occurs through the atomizer. When best atomic absorption 
sensitivity is required, a commercial electrothermal atomizer (furnace or 
rod) is usually chosen. These devices are relatively expensive and are not 
available in all atomic absorption laboratories to be tied up for this purpose. 
Thus it was of interest to determine the relative detection limits obtainable 
for inexpensive homemade quartz-tube atomizers which were developed for 
a study of tetraalkyllead compounds [3]. 

These atomizers consist of a quartz tube wrapped with heating wire or a 
slotted quartz tube held in an air—acetylene flame. The relative detection 
limits of the wire-wrapped quartz tube and the Perkin-Elmer HGA 2100 
were the same, whereas that of the slotted quartz tube was 20 times greater 
in comparative tests with MMT. Thus, if desired, a quartz tube wrapped in 
heating wire can be used in place of the commercial furnace with no penalty 
to be paid in detection limit. 

It is interesting to note that MMT atomizes readily giving free manganese 
atoms at the relatively low temperature of 1000°C attainable with the heating 
wire wrapped quartz tube atomizer. This temperature is in marked contrast 
to 2700°C often recommended as the atomization temperature in the com
mercial graphite furnace atomizers. In this regard, it was found necessary, 
for maximum sensitivity, to align the manganese hollow-cathode lamp so that 
the optical beam just grazed the inner surface of the quartz tube nearest the 
gas inlet. Sensitivities obtained in the center of the tube are greatly reduced. 

Analysis of air samples 
Air samples of up to 15 m3 were taken at a variety of locations on the 

streets of Toronto. No MMT was detected in any sample (detection limit 
0.05 ng m"3). This compares with 14 ng m"3 for total tetraalkyllead compounds 
found in street air in similar locations. Samples were then collected in an 
underground car-park beneath the Chemistry and Physics buildings at the 
University of Toronto. In a few of these samples MMT was detected. 

Figure 2 shows the chromatograms obtained when a calibration standard 
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Fig. 2. (A) Chromatograph for standard sample containing MMT and CMT. (B) Chromato
gram of an air sample taken in an underground car-park. 

containing CMT which can be used as an internal reference if desired [2]) 
and MMT were run according to the proposed procedure. The level of MMT 
in the air sample was 0.3 ng m"3. Other samples yielded values between 0.1 
and 0.3 ng m"3. It should be noted that the retention times of the MMT peak 
shown in the chromatogram for the air sample and the calibration standard 
are slightly different (ca. 0.2 min). It was not uncommon to have this vari
ation which reflects the reproducibility problems found when sample traps 
are used. 

It is interesting to speculate as to why the MMT levels in air are so much 
lower than those of tetraalkyllead when it is likely that a large fraction of 
the vehicles are using "unleaded" gasoline containing MMT. To this end, a 
cursory study of MMT in air was attempted. 

MMT, liquid and vapor, was injected into clear 2-1 glass bottles kept in 
the light and in the dark. Samples were then taken of the contained air and 
isooctane rinsings of the bottle walls at various intervals. Results of these 
studies suggest that MMT is quickly decomposed in air, more quickly in the 
light than in the dark. This conclusion must be treated as highly qualitative 
since a number of problems were encountered during this work. 

Regarding this experiment, it was particularly difficult to keep the MMT 
suspended in the air. There is a great tendency for this compound to condense 
out on the sides of the bottles. Apart from making sampling difficult, this 
calls into question whether such a system is valid for determining the stability 
of MMT in air. Obviously, a full-scale separate study (well beyond the scope 
of this work) would be very important and should be undertaken. 

The relative low volatility of MMT (i.e. its tendency to condense out on 
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surfaces) may also be a reason for the very low levels detected in air samples 
even in an underground car-park. With this in mind, the filter papers used for 
filtering particulate samples from the air in the MMT gas sampling train were 
rinsed and in some cases refluxed with isooctane. The rinsings were then 
injected into the gas chromatograph as a test for the presence of MMT, but 
in no case was MMT detected. 

It is important to point out that tests done on exhaust samples taken from 
cars which were burning "unleaded" gasoline showed no MMT (detection 
limit 0.1 ng m"3). This is consistent with a similar study of tetraalkyllead 
compounds [3]. Thus most of the MMT detected in the air samples is due to 
evaporation and spillage, etc. 

This work was supported by a grant from the Ontario Ministry of the 
Environment, Research Grants Program and by Perkin-Elmer Corporation, 
Norwalk, Connecticut who supplied all the atomic absorption equipment. 
Thanks are also due to the Canada Center for Inland Waters, Burlington, 
Ontario, who lent the gas chromatograph. 
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INTRODUCTION 

In a trial of(the influence of MMT fuel additive upon gasoline 
engine exhaust emissions, the Ethyl Corporation ran two matched 
fleets of vehicles/ identically tuned and equipped with three-way 
catalyst systems. One fleet ran on fuel containing MMT additive at a 
concentration of 0.03125 g Mn per gallon of fuel, the other on an 
identical fuel without additive (termed "clear" fuel). The vehicles 
using MMT-additive showed statistically significant lower emissions 
of NOx and CO, and slightly higher HC, than those running on clear 
fuel. The influence of MMT in reducing NOx and CO emissions was 
greater over 0-75,000 miles than over 0-50,000 miles, whilst the 
effect on hydrocarbon emissions was marginally less over the greater 
distance. 

This report seeks to explain the reasons for the observed 
differences in terms of the known catalytic properties of manganese 
oxides derived from MMT combustion. 

SCIENTIFIC BACKGROUND 

The combustion of MMT fuel additive in the gasoline engine leads 
to formation principally of the manganese oxide Mn^o^ traces of 
Mn203 have also been reported (1,2), Manganese oxides are well • 
known for their catalytic properties, particularly in relation to 
their ability to oxidize carbon monoxide to carbon dioxide (3,4). 

Past work in the laboratory (5) has shown that addition of MMT to 
iso-octane fuel in a pulse flame apparatus leads to reduced emissions 
of NO and CO, with increased hydrocarbons. The decrease in NO and CO 
emissions appeared to be associated with wall deposits of manganese 
oxides. 

At the time of that work (1977/8), I formulated a series of 
experiments in conjunction with Professor Harry W. Edwards (Colorado 
State University). In these laboratory experiments, carried out at 
University of Lancaster (U.K.), the catalytic activity of Mn3o4 
with respect to NO chemistry was investigated (6) . We found that 
even in the presence of atmospheric oxygen, MnjO* catalyzed the 
decomposition of NO at temperatures as low as 215-243 degrees C 
(419-469 F). Concentrations of N02 were unaffected. 
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Nitric oxide, NO, is formed in the gasoline engine primarily by 
combination of atmospheric nitrogen, N2 and oxygen, 0, in a com
plex chain mechanism. The reaction is favored by high temperatures 
for two reasons. Firstly, the formation reaction is more rapid at 
elevated temperatures, and secondly the equilibrium concentration of 
NO is highly temperature sensitive with highest concentrations formed 
at high temperatures. The equilibrium constant, K, for the reaction 
is given by equation (1), from ref. (7) : 

N, + 0-> < == > 2N0 '2 T v2 
XN0 

K =
 1 / 2 ' " TT^ " 4'69 exP (-21,600/RT) (1) 

% 2
 xo2 

Where X represents the partial pressure. At temperatures of looo K 
(1341 F) and below, the equilibrium concentrations of NO are very 
low. However, much higher concentrations can exist as the decompo
sition reaction is very slow at these temperatures and the NO is 
essentially "frozen in". A catalyst which speeds the decomposition 
reaction will lead to low-temperature breakdown of NO. It appears 
that Mn3o4 is such a catalyst (6). If 482 C (900 F) is taken as 
a typical exhaust gas temperature, the equilibrium partial pressure 
of NO may be calculated from equation (1) . At an oxygen concentra
tion of 1%, this is less than 1 ppm. Thus, in the presence of a 
suitable catalyst, NO decomposition would be expected. 

INFLUENCE OF Mn3Q4 IN THE VEHICLE EXHAUST 

Scenario for NO Decomposition in Vehicle Exhaust 

As a simplification, I have assumed that in a vehicle travelling 
at 30 mph, fuel of composition C«H14 is combusted at a rate of 21 
miles per U.S. gallon. MMT additive is used at a concentration of 
0.03125 g Mn per U.S. gallon. The exhaust gases pass through a 2 
meter length of 3 inch internal diameter pipe, at a mean temperature 
of 482 C (900 F) . As it is known that only a small proportion of Mn 
burned in the engine is emitted in the exhaust, it is assumed that 
the walls of this pipe become coated with Mn304. 

Calculation of Influence Upon NO concentrations 

In my paper on NO decomposition over Mn304, the reaction was 
found to be first order in NO with Arrhenius parameters of Ea__ = 
12.4 ± 0.2 kcal mol"1 and lnA(s) = 9.29 ± 0.24. Using the yy 

relationship, 

k = A exp (-Eapp/RT) (2) 
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(where R is the gas constant and T the absolute temperature), the 
rate coefficient k at 482 C (755 K) may be calculated to have a value 
of 2.93 s . 

In the plug flow reactor used in our study, the integrated rate 
expression was as follows: 

-k V/u = ln (Ce/Ci) (3) 

in which v = reactor volume 
u = volume flow rate 
Ce = steady state exit concentration 
Ci - steady state inlet concentration 

In the vehicle exhaust scenario, the ratio V/u, the residence time, 
is calculated to be 0.24s. 

Then, calculation gives 

Ce = 0.50 at 900 F 
Ci 

This result implies 50% decomposition of NO and relates to conditions 
in our reactor. The precise surface area of Mn304 was not determined 
in our studies, but a minimum value was estimated as 0.005 m5 q~*-. 
As the charge was 4.03 g of Mn304, the total surface area (minimum 
estimate) is 202 cm2. In the vehicle exhaust scenario, the area of 
exhaust pipe surface is 4,800 cm2. The actual area of Mn304 deposits 
coating this surface will be appreciably greater as the surface 
deposit will have an uneven microstructure, and may be 10 fold, or 
more times this value. It is clear, therefore, that even if the 
specific surface area of Mn304 in our experiments is appreciably 
greater than the reported minimum value, the exposed surface area in 
thp. auto exhaust system is of a similar magnitude, assuming an even 
coverages of iiianyancae oxide. Fur-thar- doeomposH-inn nt NO may also 
occur as a result of contact with Mn304 deposits in the three-way 
catalyst. 

It is also possible to calculate the surface area of Mn304 
aerosol in the exhaust gases. If spherical particles of diameter 
lOnm (typical of primary exhaust aerosol) are assumed, the surface 
area of aerosol present at any instant in the 2 meter length of 
exhaust is ca. 5cm , and thus much lower than that of the coated 
surfaces. 

Surface-catalyzed reactions, at low conversions, typically show a 
mass conversion rate linearly proportional to the active surface area 
of the catalyst (3). At higher conversions in a plug flow reactor, a 
less than linear dependence would be expected, due to a reduction in 
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NO partial pressure as the gases pass through the reactor. The 
results of the calculation therefore lead me to the view that a 
coating of Mn304 in the vehicle exhaust could lead to a sub
stantial reduction of the NO concentration discharged from the engine 
cylinder. This process will be accompanied by formation of 02. 

2NO — > N- + O-

Reductions of NO of the magnitude suggested above are quanti
tatively consistent with the observations of Otto and Sulak (5), who 
found a reduction.in NO of 91% after 800 hours in experiments with 
the pulse flame apparatus with a constant level of CO. 

Vehicle trials carried out by Ethyl Corporation have shown an 
increasing difference in emissions of both NO and CO with mileage 
beLwecu vehicles ucing clesr fuel and fuel with MMT. This trend of 
improved performance in the MMT-fuel vehicles is consistent wiui LU« 
build-up of a surface coverage of Mn304 in the exhaust system. 

Influence on Concentrations of CO 

Our experiments did not include the influences of CO and HC. 
There is, however, substantial literature demonstrating the catalytic 
influence of manganese oxides, including Mn304 on oxidation of CO 
(e.g. ref.: 8) 

2CO + 0- — > 2 CO-

Indeed, it is suggested (9) that Mn304 is the phase most active 
in this process. There are also precedents for the catalysis of CO 
oxidation by NO on metal oxides, including those of manganese (e.g. 
ref.: 10). 

2N0 + 2CO — > N2 + 2C02 

Whilst it is not possible to predict at this stage by which mechanism 

the effect occurs, it seems very probable that Mn304 is catalyzing 
CO oxidation and effecting an improvement in exhaust composition as a 
result. This effect was seen also in the work of Otto and Sulak (5) 
in the pulse flame apparatus. There are, to my knowledge, no detailed 
kinetic studies of these reactions available in the literature from 
which quantitative predictions might be made. 
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CONCLUSIONS 

Operation of vehicles on fuel containing MMT additive causes 
deposition of a surface coating of the manganese oxide, Mn304 on 
the internal surface of the exhaust system. This coating has 
catalytic properties which cause decomposition of nitric oxide to 
N2 and 02, and may also catalyze loss of carbon monoxide by 
reaction with o2, or with NO. This catalytic effect leads to an 
improvement in exhaust gas quality relative to vehicles running on 
clear fuel which increases with the age of the vehicle as the 
catalytic coverage of Mn304 grows. 
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SUMMARY 

A working group of the CGSB Gasoline and Alternative Automotive 
Fuels Committee has reviewed the literature on the effect of 
manganese antiknock (MMT) on tailpipe emissions from light duty 
vehicles. It has concluded that the presence of MMT in commercial 
gasolines has no detectable effect on carbon monoxide or oxides of 
nitrogen emissions. Hydrocarbon emissions should increase on average 
from 0.03 to 0.11 g/mile due to the presence of MMT. 

The emission-control systems developed in the U.S. and elsewhere to 
meet the present U.S. limit of 0.41 g/mile appear unlikely 
to suffer damage from exposure to MMT treated fuels. These emission-
control systems will almost certainly be utilized on Canadian vehicles 
when this standard is adopted in Canada in 1988. A deterioration in 
HC control may be detectable over an 80,000 km (50,000 mile) test, 
but this would have no significant effect on overall average air 
quality. The major improvement (79.5%) will be due to the tightening 
of HC limits from 2.0 g/mile to 0.41 g/mile. Assuming the 0.11 
g/mile increase, the continued presence of MMT in commercial gasolines 
would still permit a 74.0% improvement over the present standard. 

On this basis, the working group recommends the retention of MMT at 
current levels in Canadian unleaded gasoline. Should changes in 
emission-control systems be introduced in the future, the question 
of their response to MMT should again be addressed. 



INTRODUCTION 

On August 3, 1985, the Department of Transport published, in 
the Canada Gazette Part 1, a notice proposing new emission 
standards for light-duty vehicles and light-duty trucks. The 
proposal would reduce the present allowable level of unburned 
hydrocarbon (HC) tailpipe emissions from 2.0 g/mile to 0.41 
g/mile for light-duty vehicles and 0.8 g/mile for light-duty 
trucks, to take effect September 1, 1987, with the introduc-
ion of the 1988 model year. Vehicles will be tested for 
compliance with these standards using EPA procedures with 
accumulated mileage utilizing MMT-free gasoline. 

In adopting these tighter standards, the use of the octane 
enhancer methylcyclopentadienyl manganese tricarbonyl (MMT*) 
in commercial pump gasoline would be continued at the current 
Canadian General Standards Board (CGSB) limit of 18 mg Mn/litre 
unless its continued use could be shown to have unacceptable 
adverse effects on health or on the environment. 

There are sound economic reasons for the retention of MMT in 
Canadian unleaded gasolines. This useful antiknock agent 
saves energy and money in meeting the octane requirements of 
the Canadian automobile population. However, the effects of 
MMT on the Canadian environment, with particular reference 
to the new standard, have not been fully evaluated. 

To assess the potential effects of manganese compounds on 
vehicle emissions and on emission system durability in Canada, 
Environment Canada requested assistance from the Canadian 
General Standards Board Petroleum Committee. The CGSB Gasoline 
and Alternative Fuels Coimiittee subsequently appointed a work
ing group to carry out this activity. The working group com
prised members from the petroleum industry, the vehicle manu
facturers and the federal government (Appendix I). Comments 
and advice were solicited from other interested parties such 
as health and consumer groups (Appendix II). 

OBJECTIVES 

The objectives of the working group, outlined in a letter 
(dated 27/5/85) by the Assistant Deputy Minister, Environmental 
Protection Service, Dr. R.W. Slater, to Dr. R. Whyte, Chairman 
of the Petroleum Committee, were as follows: 

i) to review and report on the current state of knowledge 
respecting MMT effects on vehicle emissions, 

*Ethyl Corporation's TM 
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ii) to forecast the possible impact on the vehicle 
emission control systems likely to be in use in the 
period 1988-2000, 

iii) to assist Environment Canada in documenting the 
impact that continued use of MMT may have on air 
quality. 

This report presents the findings and judgments of the 
working group. 

METHOD 

To accomplish this task, the working group gathered the 
information through the following methods. 

(i) Reports 

Relevant reports on MMT were compiled and reviewed 
(see bibliography). It was noted that ^iery little 
work had been reported since 1978 when the use of 
MMT in unleaded gasoline was disallowed by the U.S. 
Environmental Protection Agency (EPA). 

(i i) Test Programs 

The results of two test programs were reviewed 
by the working group; the "CRC MMT Field Test 
Program" reported in June 1979; and a recent in-use 
vehicle surveillance test program conducted by 
Environment Canada which tested 1983 to 1985 model 
year Cadillacs, calibrated to U.S. emission 
specifications (References 1 and 2). 

(iii) Vehicle Manufacturers 

Information was requested from both the Motor 
Vehicle Manufacturers Association (MVMA) and the 
Automobile Importers of Canada (AIC) member companies 
(Appendix III and IV), as to how current emission-
control systems were behaving in Canada and how 
future emission-control systems would behave if MMT 
were retained in gasoline at the current CGSB 
limits. 
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MMT EFFECTS ON VEHICLE EMISSIONS 

The working group realized from the outset that very few studies 
had been reported on MMT and its effects on exhaust emissions, 
since it was disallowed by the EPA in the U.S. for use in 
unleaded gasoline in 1978. Subsequent applications for a 
waiver by Ethyl Corporation to use MMT in U.S. unleaded 
gasolines were not granted (Appendix V). 

An extensive test program was carried out by the Co-ordinating 
Research Council (CRC) in 1977-78, and more recently Environment 
Canada conducted an in-house study, both of which have been 
extensively reviewed by the working group. 

1) CRC MMT FIELD TEST PROGRAM 

The CRC program involved 63 vehicles. The objective of 
the CRC program was to study the effects of two concentra
tions of manganese on exhaust emissions and, to compare 
these results with those for clear fuel. The 63 vehicles 
were divided into three matched fleets. The first fleet 
was operated on clear gasoline, the second oh gasoline 
which contained MMT at a level of 1/32 gMn/USG (8.25 
mgMn/L), and the third, on gasoline which contained 
MMT at 1/16 gMn/USG (16.5 mgMn/L). Within each fleet, 
seven car models were tested in triplicate. In other 
words, nine replicate cars of each of the seven car 
models were tested resulting in a 63-car test program. 

Of the seven car models studied in the CRC program, only 
two featured three-way catalysts (TWC) and closed-loop 
fuel systems, the types likely to be in use in Canada by 
the 1988 model year. These two models were a Pontiac 
Sunbird and a Volvo 242, the former being electronic 
feedback carbureted, and the latter having feedback elec
tronic fuel injection. Five car models featured conven
tional oxidation catalysts (COC) and open-loop fuel 
systems. All of these vehicles were essentially produc
tion models which had been calibrated to meet 1977-78 
California emission standards of 0.41 g/mile HC, 9.0 g/mile 
carbon monoxide (CO) and 1.5 g/mile oxides of nitrogen 
(NOx). These vehicles had been selected by their 
respective manufacturer since they were considered to be 
sensitive to MMT and/or they were representative of 
future high-volume powertrains. 
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4. All cars in the Environment Canada study met the 
proposed HC standard of 0.41 g/mile on fuel contain
ing MMT, when extrapolated to 50,000 miles. The 
effect of MMT on vehicle HC emissions was inconclu
sive since no clear fuel base line data were obtained. 
However, there were no indications that the MMT effect 
is greater than that indicated in the CRC report. 

5. The effect of MMT on HC emissions may be of the 
same order of magnitude as the test uncertainty in 
a small fleet test. Therefore, it may not be pos
sible to measure statistically significant differ
ences due to MMT, especially in cases where the 
majority of cars meet the HC standard. 

IMPACT ON FUTURE EMISSION-CONTROL SYSTEMS 

VEHICLE MANUFACTURERS 

The MVMA and AIC have been asked to predict how future 
emission-control systems would behave if MMT were re
tained in unleaded gasoline. Based upon limited data 
available, there is no evidence to suggest that emission-
control systems that have been developed for today's 
market would experience adverse effects with regard to 
function or performance from the use of MMT in gasoline. 
Current systems do not indicate that durability is lower 
in Canada, where MMT is used, than in the United States 
where MMT has been disallowed in unleaded gasoline. 
Members of MVMA and AIC indicate that manufacturers' 
Canadian warranty claims on emission components are 
comparable to the U.S. 

It must be noted however that the effect of MMT on 
emission-control system components may be subtle and may 
never result in a failure which would be apparent 
through analysis of warranty claims. Degradation of the 
emission performance of a vehicle does not necessarily 
manifest itself in the form of poor driveability or 
performance yet; when emission tested, the vehicle may 
display an increase in emission levels above those to 
which the vehicle was designed. 
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The durability of critical emission-control components 
related to MMT use may change in the future. This may be 
reflected in the manufacturers' warranty records. There
fore, short of complete emission measurements, periodic 
reviews of warranty records may be necessary to determine 
if future action on MMT is required. 

In the past, some researchers noted that MMT tended to 
form deposits, typically manganese oxide, which coated 
the oxygen sensor in the exhaust system of closed-loop 
type cars. Depending upon the design of the oxygen 
sensor, deposition of manganese oxide could impede the 
sensor's ability to function properly in controlling 
exhaust emissions, as was evidenced in the CRC program 
already cited. A failure of this nature may or may not 
be accompanied by a gross deterioration in vehicle 
driveability. 

The working group has considered that further test programs 
on vehicles using today's equipment could well provide addi
tional information. However, this working group has received 
no evidence to suggest that an average increase would be 
greater than 0.11 g/mile. Future technologies suggest that 
exhaust emission-control systems will be more effective at 
controlling emissions sensitive to the effects of MMT,and 
therefore further large-scale testing may be of limited value, 

The working group would recommend a test program only in the 
event that future emission-control technology was demonstrated 
to be adversely affected by MMT. The CGSB Committee on 
Gasoline and Alternative Automotive Fuels would be receptive 
to any new data generated on MMT fuels. 
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GENERAL DISCUSSION 

The effect of MMT usage on HC emissions 1s shown in the graph 
below. The HC emission reductions since 1971 have also been 
Indicated. 

C a n a d i a n H y d r o c a r b o n E m i s s i o n S t a n d a r d s 

4.5 T 

3.3 •• 

2 . 8 • -

OO 
tn 

C J 

1.9- • 

MMT EFFEC" 

STANDARD 

1 9 7 1 1 9 7 2 1 9 7 5 1 9 8 8 1 9 8 8 1 9 8 8 

COMMENTS 

1) The proposed standard of 0.41 g/mile represents a 
reduction of 79.5% from the present standard of 
2.0 g/mile. 

2) Assuming that MMT increases HC emissions on average 
by 0.11 g/mile relative to clear fuel, an actual HC 
level of 0.52 g/mile (0.41 + 0.11) represents an 
average reduction of 74.0% from the present standard. 

3) Assuming that MMT increases HC emissions by 0.03 
g/mile relative to clear fuel, an actual HC level 
of 0.44 g/mile (0.41 + 0.03) represents an average 
reduction of 78.0% from the present standard. 

The actual average increase in HC tailpipe emissions should 
H e somewhere between these two values and consequently the 
working group cannot see any significant benefit in removing 
MMT from unleaded gasoline in Canada based on tailpipe HC 
emission levels. 
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IMPACT ON AIR QUALITY 

The working group has not attempted to carry out any very 
rigorous study on the effect of retaining MMT on overall 
air quality. Environment Canada have, however, published 
a "National Inventory of Natural Sources and Emissions of 
Organic Compounds" 1n which the total man-made emissions 
of hydrocarbons are estimated as 8.4% of the whole 
(Reference 3 and 4). Of these, 16% are attributed to 
light-duty vehicles. 

It can thus be calculated that reducing the hydrocarbon 
standard from 2.0 g/mile to 0.41 g/mile (79.5%) will result 
in a reduction in HC burden of 79.5 x 0.16 x 0.084 = 1.07%. 

In the worst case, an increase of 0.11 g/mile due to MMT, the 
overall reduction would be 74%. This equates to an improvement 
in air quality of 0.99%. In the best case, an increase of 
0.03 g/mile due to MMT, the emission reduction would be 78%, 
equivalent to an improvement in air quality of 1.05%. 

NATIONAL ENVIRONMENTAL INVENTORY SYSTEM (NEIS) 

The level of HC tailpipe emission increase due to MMT will 
be required by the Department of the Environment in order to 
calculate an emission factor for use in NEIS. Analysis of the 
data has indicated that in future, with the majority of new 
cars being fitted with three-way catalysts, fuel injection 
and closed-loop fuel control systems,the average increase in 
tailpipe HC emissions could be as high as 0.11 g/mile for 
post-1988 model cars. It is recommended that this value be 
used by the Department of the Environment to calculate the 
emission factor. 
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10 

CONCLUSIONS 

The major conclusions of the working group based on the 
analysis of currently available data are as follows: 

1) When using MMT the average increase in tailpipe HC emis
sions over clear fuel should range from 0.03 to 0.11 
g/mile for the 1988 model year light-duty vehicles. 

2) The proposed standard would reduce the allowable tail
pipe HC emissions from 2.0 g/mile to 0.41 g/mile. With 
clear fuel this is a HC reduction of 79.5%. With MMT 
the average reduction would be from 74% to 78%. 

3) The use of MMT at current CGSB levels does not signifi
cantly compromise emission-control system operation or 
component durability. 

4) The working group has not attempted to carry out any 
rigorous study on the effect of retaining MMT on overall 
air quality. However, since it is estimated that vehicle 
emissions contribute only 1.35% of hydrocarbons present 
in the atmosphere, the effects of MMT is considered 
miniscule. 

RECOMMENDATIONS 

1) Based on the findings in this report, the members of the 
working group recommend that MMT be retained at current 
levels as an octane enhancer in unleaded gasoline. 

2) The members of the working group'recommend that the issue 
be re-examined in the event that future emission-control 
technology or the generation of additional data, should 
show adverse effect due to the use of MMT beyond those 
recognized in this report. 

Signed... £*-rT~TT. 

Chairman of Working Group 
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APPENDIX I 

CGSB WORKING GROUP ON MMT IN GASOLINE 

NAME AFFILIATION 

K. Miller Petro-Canada Products Inc. 

R. Solman Environment Canada 

P. Sarvos Shell Canada Ltd. 

G. Caldwell Motor Vehicle Manufacturers' 
Association 

R. Falkiner Esso Petroleum Canada 

J. Collins Ethyl Canada Inc. 

J. Dowell Energy, Mines and Resources 

M. Mokry Automobile Importers of Canada 
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The Canadian Association 
for Children and Adults 
with Learning Disabilities 

APPENDIX I I 
(Page 1 of 3) 

[.'Association canadienne 
pour enfants et adultes ayant 
des troubles d'apprentissage 

Maison Kildare House, 323 Chapel, Suite 101, 102, Ottawa, Ontario K1N 7Z2 (613) 238-5721 

August 27, 1985 

Mr. J.O. Cliffe, Chairman 
C.G.S.B. Committee on Gasoline & AAF 
432 Martin Grove Road 
Islington, Ontario 
M9B 4M2 

Dear Mr. Cliffe: 

Thank you for your letter and attached information concerning 
the working group under the Canadian General Standards Board 
investigating the long-term effects of the continued use of 
MMT in unleaded gasoline. 

I'm sorry I was unable to contact you or attend, but I was out 
of the province in July on vacation. As you know the conclusion 
stated in the report IV-8 The Technology and Costs of Control 
Automobile Emissions in Canada is as follows: "The consensus 
of EPA and the automotive industry is that MMT produces 
significant adverse effects on HC emissions." The authors 
were especially concerned about failure of sensors and other 
effects on the catalyst. 

Our primary concern in the long-term use of MMT is with health, 
particularly its neurotoxic attributes in the case of young 
and unborn children. I have communicated these concerns 
directly to Mr. Hazra of EPS, and Dr. Joseph Euddick of the 
Health Protection Branch of Health and Welfare. 

Sincerely yours, 

Barbara MoElgunn 
Research and Liaison Officer (Health) 

An association to advance the education and general welfare 
of Children and youth who have learning oi$aDilit<es 
ot a perceptual, conceptual or co-ordmative nature or related prooiems. 

Une association vou6e a /education et au bien-dtre ties /eunes 
ayant des diff<cutte$ d'aoorentissage et des prooiQmes connttri 

tant au niveau de la coordination qu'aux niveaux perceptuet et conccctu* 
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APPEND IX I I 
(Page 2 o f 3) 

432 Martin Grove Road, 
Islington, Ontario 
M9B 4M2 

September 3, 1985 

Mrs. Barbara McElgunn, 
The Canadian Association for 
Children & Adults with 
Learning Disabilities, 
Kildare House, 
323 Chapel, Suite 101, 102 
Ottawa, Ontario 
KIN 7Z2 

Dear Mrs. McElgunn: 

Thank you for your letter of August 27th concerning the Working Group of 
C.G.S.B. set up under the auspices of my committee to review the data 
available on MMT in gasoline and its effects on automobile emissions. I 
have passed it on to Mr. Keith Miller of PetroCanada who is the chairman of 
the Working Group. 

I was, of course, aware of your earlier contact with Mr. Hazra since it was 
he who had given me your address. 

I understand that the Working Group has held one meeting since the inaugurals-
one and will be meeting again sometime in October. By copy of this letter, 
I am asking Mr. Miller to ensure that you remain up to date on any meeting 
notes which may have been issued. If you need to contact him, his phone 
number is 416-445-9113. I will, myself, be out of town most of October and 
the first two weeks of "November. 

Yours very truly, 

>* <̂ {U 
J.O. Cliffe 

cc. Mr. K. Miller, 
PetroCanada Products Inc., 
240 Duncan Mill Road, 
Don Mills, Ontario 
M3B 3B2 
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Association 
des consommateurs 
du Canada 

Publishers ol Canadian Consumer ana Le consommaieur canaoien 

July 11, 1985 

Mr. J. 0. Cliffe 
432 Martin Grove Road 
Islinton, Ontario 
M9B 4M2 

Re: C.G.S.B. Working Group on MMT in Unleaded Gasolines 

Dear Mr. Cliffe: 

Thank-you for your information and invitation to attend the 
inaugural meeting of the above Working Group. Unfortunately, 
at this time, we do not have anyone that can represent our 
association at the gathering. 

Please keep us informed of the progress of your group and 
we shall make every effort to appoint someone to sit on our 
behalf on your committee. 

Yours sincerely, 

Terry Cave, P. Eng., 
Di rector , 
Technical and Information 

Services. 

cc: Barb Goit 
Excutive Vice President 
Consumers' Association of Canada 

J 
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APPENDIX III 

MOTOR VEHICLE MANUFACTURERS' ASSOCIATION 

American Motors (Canada) Inc. 

Chrysler Canada Ltd. 

Ford Motor Company of Canada, Limited 

General Motors of Canada Limited 

International Harvester Canada Limited 

Mack Canada Inc. 

Paccar of Canada Ltd. 

Volvo Canada Ltd. 

Western Star Trucks Inc. 
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APPENDIX IV 

AUTOMOBILE IMPORTERS OF CANADA 

MEMBERS! 

BMW Canada Inc. 

Honda Canada Inc. 

Hyundai Auto Canada Inc. 

Jaguar Canada Inc. 

Lada Canada, A Division of TGT 

(Trans Globe Trade Inc.) 

Mercedes-Benz Canada Inc. 

Nissan Automobile Company (Canada) Limited 

Rolls-Royce Motor Cars Ltd. 

Skocar Inc. 

Subaru Auto Canada Ltd. 

Suzuki Canada Inc. 

Toyota Canada Inc. 

Volkswagen Canada Inc. 
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APPENDIX V 

ENVIRONMENT PROTECTION AGENCY - UNITED STATES 

Notes reproduced from the Federal Register. 

SUPPLEMENTARY INFORMATION: 

Section 211(f)(1) of the Act makes it unlawful, effective 
March 31, 1977, for any manufacturer of a fuel or fuel 
additive to first introduce into commerce or to increase 
the concentration in use of any fuel or fuel additive for 
use in light duty motor vehicles manufactured after model 
year 1974 which is not substantially similar to any 
fuel or fuel additive utilized in the certification of any 
model year 1975 or subsequent model year vehicle or 
engine under section 206 of the Act. 

Section 211(f)(4) of the Act provides that the 
Administrator of the EPA may waive the prohibitions of 
section 211(f) upon application of any fuel or fuel 
additive manufacturer if the Administrator determines 
that the applicant has established that such fuel or fuel 
additive will not cause or contribute to a failure of any 
emission control device or system (over the useful life 
of any vehicle in which such device or system is used) to 
achieve compliance by the vehicle with the emission 
standards with respect to which it has been certified 
under section 206 of the Act. 

Ethyl, in their waiver request, have had the almost impossible 
task of trying to prove categorically that MMT will not cause 
or contribute to a failure of any emission control device or 
system. To date their requests for a waiver have been denied 
by the EPA. 
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\ CRC 1978 MMT T1STS 
Volvo Cars Wltn Three-Way Catalysis 
B*g 1 Results - gHC/mile - Clear Fuel 

f P MILEAGE 
OK 

0.3K 
05K 
0.3X 

0.3C eve 
SIC 
5K 
5K 

3K ave 
ICK 
ICK 

lOKeve 
15K 
15K 
15K 

ISKave 
15.1K 
15.IK 

15.IK 8VB 
225K 
225JC 

225Kev» 
30K 
30K 

i^HSOKsve 
^ ^ 30.1K 

30.1K 
30.IK 8V9 

375X 
375K 

375K ova 
45K 
45K 

45K ove 
45.1K 
45.1K 

45.IK sve 
50K 
50K 
50K 

50X avo 

50K-5K 
50K-0.3K 

AVE. 
05X-50K 

V701 
0574 
0546 
0510 
0.925 
0.794 
0.658 
0.772 

0.713 
0559 
0589 
0574 
0.613 
0586 
0564 
0588 
0576 
0584 
0530 
0543 
0518 
0531 
0545 
0535 
0540 
0.716 
0.769 
0.743 
0525 
0545 
0535 
0541 
0552 
0547 
0541 
0.760 
0.701 
0547 
0.920 

0584 

0.169 
0.090 

0.715 

- CAR ID 
V702 
0.991 
0500 
0587 

0594 
0.774 
0.748 

0.761 
0520 
0.733 
0577 
0544 
0573 

0559 
0.707 
0595 
0.701 
0593 
0529 
0511 
0576 
0503 
0590 
0556 
0564 
0530 
0.492 
0572 
0532 
0583 
0.491 
0537 
0578 
0530 
0554 
0514 
0552 

0533 

-0.128 
0.040 

0523 

V703 
0.909 
0539 
0557 

0548 
0.730 
0523 

0.777 
0533 
0509 
0521 
0531 
0.716 

0.774 
0515 
0518 
0517 
0.795 
0589 
0.742 
0568 
0548 
0558 
0.763 
0.909 
0536 
0.762 
0555 
0.709 
0520 
0560 
0540 
0537 
0560 
0599 
0553 
0.965 
0533 
0517 

0.041 
0.169 

0.728 

AVE 
0525 

0578 

0.751 

0591 

0573 

0.716 

$ 
0561 

0529 

0.736 

0592 

0541 

0518 

0.778 

0.027 
0.099 

0589 

CRC 1978 MMT TESTS 
Volvo Cars With Three-Way Catalysis 

B«g 1 Results - gHC/mile - 0.062SgMn/g 

MILEAGE 
OK 

05K 
05K 
0.3K 

05K ave 
5K 
5K 
5K 

5K ave 
10* 
10K 

. lOKave 
I5K 
15K 
15K 

15Kcve 
15.1K 
15.IK 

15.IK ove 
22 5K 
225K 

225Kev« 
30K 
30K 

30K ove 
30.1K 
30.1K 

30.1K ave 
37 5K 
37 5K 

37 5K ave 
45K 
« K 

45K ove 
45.1K 
45.IK 

45.IK ove 
50K 
50K 
5CK 

50K ove 

50K-5K 
50K-05K 

AVE. 
05K-50K 

V722 
0593 
0541 
0556 

0599 
0512 
0.767 

0590 
0520 
0.745 
0.783 
0.782 
0.779 

0.781 
0568 
0567 
0.558 
0505 
0574 
0540 
0.713 
0.769 
0.741 
0512 
0.707 
0.760 
0.774 
0559 
0517 
0571 
0562 
0550 
0509 
0524 
0517 
0.984 
0.631 
0.771 
0.795 

0.105 
0.197 

0.703 

- CAR ID 
V723 
0549 
0538 
0556 

0597 
0541 
0521 

0531 
0591 
0565 
0578 
0505 
0.642 

0524 
0.635 
0508 
0522 
0.782 
0574 
0.728 
0534 
0.748 
0.791 
0.721 
0561 
0591 
0521 
0557 
0539 
0594 
0.721 
0551 
0523 
0561 
0542 
0.654 
0.723 

0.609 

0.158 
0.092 

0.657 

V724 

0.785 
0.491 

0538 
0.945 
0518 
0565 
0.709 
0.7S0 
0.746 
0.748 
0565 
0.744 

0.705 
0.717 
0.729 
0.723 
0567 
0517 
0542 
0.715 
0.680 
0598 
0560 
0599 
0.680 
0553 
0.740 
0597 
0546 
0.746 
0563 
0554 
0.675 
0515 
0591 
0577 

0.634 

-0.075 
-0.004 

0579 

A P P.E N D 1 X 
(Page 1 of 

Fuel 

AVE 
0524 

0511 

0543 

0.736 

0.703 

0.637 

0570 

0.743 

0.710 

0.717 

0.655 

0.624 

0.708 

0.063 
0.095 

0580 

VI 
<0 

MMT . 
ElTect 
Mn-CI 
-0201 

-0.067 

-0.108 

0.046 

0.030 

-0.079 

0.009 

0.114 
"- ~. 

-0.026 

0.026 

0.014 

0.007 

-0.072 

0.036 
-0.005 

-0.009 
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._ CRC 1978 MMT TESTS 
Volvo Cars With Three-Way Catalysts 
Beg 2 ResuiU - gHC/mil* - Clear Fuel 

^ P MILEAGE 
OK 

05K 
05K 
0.3K 

0.3C ave 
5K 
5K 
5K 

5K ave 
10K 
10K 

ICK eve 
15K 
ISC 
15K 

15Ktve 
15.1K 
15.1K 

15.IK ove 
225K 
225K 

225K«ve 
30K 

^ ^ 30K 
^ K S O K ave 
^ ^ 30.1K 

30.1K 
30.1Kove 

375K 
375K 

375K ave 
45K 
45K 

*SK eve 
45.1K 
45.1K 

45.IK eve 
50K 
50K 
50K 

50K ave 

50K-5JC 
50K-05K 

AVE. 
0.3K-50K 

V701 
0.025 
0.021 
0.018 
0.011 
0.017 
0.010 
0.022 

0.016 
0.012 
0.010 
0.011 
0.028 
0.035 
0.024 
0.029 
0.025 
0.021 
0.023 
0.033 
0.032 
0.033 
0.032 
0.036 
0.034 
0.035 
0.034 
0.035 
0.047 
0.019 
0.033 
0.044 
0.044 
0.044 
0.041 
0.036 
0.039 
0.048 
0.057 

0.053 

0.037 
0.036 

0.030 

- CAR ID 
V702 
0.031 
0.030 
0.025 

0.028 
0.032 
0.033 

0.033 
0.020 
0.022 
0.021 
0.033 
0.025 

0.029 
0.020 
0.011 
0.016 
0.025 
0.029 
0.027 
0.015 
0.019 
0.017 
0.024 
0.021 
0.023 
0.028 
0.026 
0.027 
0.025 
0.022 
0.024 
0.031 
0.043 
0.037 
0.050 
0.054 

0.052 

0.020 
0.025 

0.028 

V703 
0.009 
0.011 
0.016 

0.014 
0.010 
0.013 

0.012 
0.006 
0.012 
0.009 
0.022 
0.022 

0.022 
0.025 
0.034 
0.030 
0.024 
0.025 
0.025 
0.036 
0.036 
0.036 
0.030 
0.026 
0.023 
0.029 
0.023 
0.026 
0.031 
0.031 
0.031 
0.031 
0.028 
0.030 
0.042 
0.044 
0.044 
0.043 

0.032 
0.030 

0.025 

AVE 
0.022 

0.019 

0.020 

0.014 

0.027 

0.023 

3"" 

0.028 

0.029 

0.028 

0.029 

0.033 

0.035 

0.049 

0.029 
0.030 

0.028 

CRC 1978 MMT TESTS 
' Volvo Cars With Three-Way Catalysts 
Beg 2 Results - ^C/mile - 0. 

MILEAGE 
OK 

05K 
05K 
05K 

05K ave 
5JC 
5K 
5K 

5K ave 
IOK 
10* 

. IOK eve 
15K 
15K 
15K 

15Kave 
15.1K 
15.1K 

15.IK ove 
225K 
22 5K 

225Kove 
30K 
30K 

30K ave 
30.1K 
30.1K 

30.IK eve 
37 5K 
375X 

375K ave 
45JC 
45K 

45K ave 
45.1K 
45.1K 

45. IK ave 
50K 
50K 
50K 

50K ova 

50K-5K 
50JC-05K 

AVE. 
0 5 K - 50K 

V722 
0.039 
0.025 
0.028 

0.027 
0.038 
0.035 

0.037 
0.049 
0.048 
0.049 
0.105 
0.085 

0.095 
0.040 
0.042 
0.041 
0.089 
0.080 
0.085 
0.099 
0.097 
0.098 
0.063 
0.081 
0.072 
0.165 
0.112 
0.139 
0.072 
0.069 
0.071 
0.056 
0.044 
0.050 
0.075 
0.052 
0.056 
0.064 

0.028 
0.038 

0.069 

- CAR ID 
V723 
0.026 
0.022 
0.024 

0.023 
0.021 
0.017 

0.019 
0.028 
0.028 
0.028 
0.031 
0.032 

0.032 
0.022 
0.025 
0.024 
0.101 
0.078 
0.090 
0.066 
0.058 
0.062 
0.035 
0.034 
0.035 
0.049 
0.043 
0.046 
0.067 
0.077 
0.072 
0.044 
0.043 
0.044 
0.072 
0.070 

0.071 

0.052 
0.048 

0.045 

062SgrWg 

V724 

0.016 
0.028 

0.022 
0.077 
0.071 
0.087 
0.078 
0.177 
0.166 
0.172 
0.155 
0265 

0210 
0.057 
0.069 
0.063 
0.084 
0.075 
0.080 
0.131 
0.101 
0.116 
0.054 
0.056 
0.055 
0.047 
0.061 
0.054 
0.039 
0.060 
0.050 
0.053 
0.051 
0.052 
0.055 
0.059 

0.057 

-0.021 
0.035 

0.084 

APPEND IX VI 
(Page 2 of 4) 

Fuel 

AVE 
0.033 

0.024 

0.045 

0.083 

0.112 

0.043 

0.085 

0.092 

0.054 

0.080 

0.064 

0.049 

0.064 

0.020 
0.040 

0.066 

MMT . 

Errect 
Mn-CI 
0.011 

0.005 

0.025 

0.069 

0.086 

0.020 

0.057 

0.063 
• -..-.. 

0.026 

0.051 

0.031 

0.014 

0.015 

-0.010 
0.010 

0.038 
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^feoK 

Volvo 
Beg 3 

MILEAGE 
OK 

05K 
05K 
0.3K 

05K ive 
5K 
5K 
5K 

5K flVB 

10X 
10K 

lOKave 
15K 
I5K 
13C 

15K eve 
15.1K 
15.1K 

IS.IKave 
225JC 
225K 

22 SC eve 
30K 
30K 

ove 
30.1K 
50. IK 

30.1KBVB 
375K 
375K 

375Kave 
45K 
45K 

45K eve 
45.1K 
45.1K 

45.1Kove 
50K 
50K 
50JC 

50K ave 

50K-5K 
50K-05K 

CRC 1978 MMT TESTS 
Cars With Three-Way Catalysts 
Results - gHC/mile - Clear Fuel 

CAR ID 
V702 V703 
0.153 0.089 
0.088 0.080 
0.090 0.071 

V701 
0.148 
0.129 
0.139 
0.067 
0.112 
0.090 
0.100 

0.095 
0.093 
0.076 
0.085 
0.090 
0.095 
0.099 
0.094 
0.088 
0.068 
0.078 
0.121 
0.120 
0.121 
0.125 
0.118 
0.122 
0.132 
0.123 
0.128 
0.141 
0.161 
0.151 
0.165 
0.075 
0.120 
0.115 
0.123 
0.119 
0.161 
0.180 

0.171 

0.076 
0.059 

0.089 
0.167 
0.150 

0.159 
0.079 
0.082 
0.081 
0.086 
0.086 

0.086 
0.061 
0.064 
0.063 
0.069 
0.080 
0.075 
0.078 
0.083 
0.081 
0.077 
0.083 
0.080 
0.086 
0.036 
0.086 
0.093 
0.082 
0.088 
0.099 
0.076 
0.088 
0.112 
0.120 

0.116 

0.076 
0.083 
0.065 

0.074 
0.067 
0.080 
0.074 
0.084 
0.153 

0.119 
0.086 
0.075 
0.081 
0.106 
0.069 
0.088 
0.105 
0.100 
0.103 
0.102 
0.100 
0.101 
0.089 
0.130 
0.110 
0.125 
0.144 
0.135 
0.102 
0.108 
0.105 
0.136 
0.144 
0.138 
0.139 

-0.043 0.C55 
0.027 0.064 

AVE 
0.130 

0.092 

0.109 

0.080 

0.100 

0.074 

0.094 

0.102 

0.103 

0.116 

0.114 

0.104 

0.142 

0.033 
0.050 

CRC 1978 MMT TESTS 
Volvo Cars With Three-Way Catalysts 

Beg 3 Results - gHC/mile - 0.062Sgr1n/g 
CAR ID 

MILEAGE 
OK 

05K 
05K 
0.3K 

05K ave 
5K 
5K 
5K 

5K ave 
ICK 
10K 

10K 
15K 
15K 
15K 

V722 
0.081 
0.085 
0.087 

0.086 
0.109 
0.124 

0.117 
0.125 
0.163 
0.135 
0254 
0229 

V723 
0.187 
0.122 
0202 

0.162 
0216 
0.135 

0.176 
0.187 
0.196 
0.186 
0.149 
0.150 

V724 

0.107 
0.131 

0.119 
0.198 
0.140 
0.158 
0.165 
0255 
0281 
0234 
0256 
0254 

Fuel 

AVE 
0.134 

0.122 

0.152 

0.185 

AVE. 
05K 50K 0.116 0.091 0.100 0.102 

15Kave 
15.1K 
15.1K 

15.IK ove 
225K 
22 5K 

225Kev« 
30K 
30K 

30K ove 
30.1K 
30.1K 

30.IKave 
375K 
37 5K 

375K ove 
45K 
45K 

45K ave 
45.1K 
45.1K 

45.IK ove 
5CK 
50K 
50K 

50K ave 

50K-5K 
50K-05K 

AVE. 
0.3K-50K 

0242 
0.110 
0.114 
0.112 
0.155 
0.147 
0.151 
0.180 
0.167 
0.174 
0.126 
0.125 
0.126 
0.174 
0268 
0221 
0.168 
0.164 
0.166 
0.133 
0.136 
0.135 
0.151 
0.156 
0.151 
0.153 

0.036 
0.067 

0.151 

0.150 
0.099 
0.099 
0.099 
0.192 
0.167 
0.180 
0213 
0237 
0225 
0.130 
0.128 
0.129 
0.137 
0.158 
0.148 
0.196 
0.180 
0.188 
0.137 
0.143 
0.140 
0.198 
0.196 

0.197 

0.022 
0.035 

0.165 

0255 
0208 
0520 
0514 
0.173 
0.168 
0.171 
0254 
0224 
0239 
0.128 
0.145 
0.137 
0.160 
0.173 
0.167 
0.175 
0.148 
0.162 
0.186 
0.129 
0.158 
0.140 
0.146 

0.143 

-0.022 
0.024 

0205 

0215 

0242 

0.167 

0213 

0.130 

0.178 

0.172 

0.144 

0.164 

0.012 
0.042 

0.174 

MMT . 
EITect 
Mr»-CI 
0.004 

0.030 

0.043 

0.105 

0.116 

0.168 

0.073 

0.111 

0.028 

0.063 

0.058 

0.040 

0.022 

-0.021 
-0.008 

0.071 
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» CRC 1978 m T TESTS 

Volvo Cars With Three-Way Catalysts 
Composite Results-

^ P MJLEA6E 
OK 

0.3C 
05K 
05K 

05JCave 
5K 
5K 
5K 

SKave 
ICK 
ICK 

lOKeve 
ISC 
15K 
15K 

15Kave 
15.1K 
15.IK 

15.IK ove 
225K 
2253C 

225Keve 
30K 

^ ^ 30K 
i^BOKsve 
^ ^ 30.1K 

30.1K 
30.1K&ve 

375X 
375K 

375K ave 
45K 
45K 

45K ave 
45.1K 
45.1K 

45.IK ove 
50K 
50K 
50K 

50K ove 

50K-5K 
5CX-05K 

AVE. 
05K-50K 

V701 
0.173 
0222 
0.174 
0216 
0204 
0.167 
0.199 

0.183 
0.147 
0.148 
0.148 
0.166 
0.166 
0.157 
0.163 
0.157 
0.164 
0.161 
0.183 
0.180 
0.182 
0.185 
0.183 
0.184 
0203 
0211 
0207 
0234 
0239 
0237 
0242 
0220 
0231 
0.187 
0210 
0.199 
0244 
0269 

0257 

0.074 
0.053 

0.196 

•tfK/mile-
- CAR ID 

V702 
0265 
0.166 
0.160 

0.163 
0224 
0214 

0219 
0.161 
0.185 
0.173 
0.174 
0.176 

0.175 
0.174 
0.167 
0.171 
0.155 
0.126 
0.141 
0.149 
0.155 
0.152 
0.178 
0.151 
0.165 
0.140 
0.155 
0.148 
0.159 
0.136 
0.148 
0.143 
0.153 
0.148 
0.184 
0.126 

0.190 

-0.029 
0.027 

0.166 

- Clear Fuel 

V703 
0217 
0.160 
0.164 

0.162 
0.180 
0.140 

0.160 
0.194 
0.196 
0.195 
0207 
0202 

0205 
0206 
0208 
0207 
0206 
0.175 
0.191 
0.186 
0.181 
0.184 
0201 
0229 
0215 
0.197 
0.183 
0.190 
0.158 
0.171 
0.165 
0.176 
0.160 
0.168 
0.194 
0262 
0236 
0231 

0.071 
0.069 

0.189 

AVE 
0218 

0.176 

0.187 

0.172 

0.181 

0.179 

*• .' 

0.171 

0.173 

0.196 

0.191 

0.181 

0.172 

0226 

0.033 
0.049 

0.184 

VoM) 

APPENDIX 

CRC 1978 WT TESTS 
Cars With Three-Way Catalysts 

Composite Results - gHC/mile -

MILEAGE 
OK 

03K 
05K 
0.3K 

05K ave 
5K 
5K 
5K 

5K ave 
10K 
ICK 

. lOKeve 
15K 
15K 
15K 

15Xave 
15.IK 
15.IK 

15.IK ave 
225JC 
225K 

225K ave 
30K 
30*C 

30K ove 
30.1K 
30. IK 

30.IK ave 
375K 
37 5K 

37 5K ave 
45K 
45K 

45K eve 
45.1K 
45.1K 

45.IK ave 
50K 
50K 
50K 

50K ave 

50K-5K 
50K-05K 

AVE. 
05K-50K 

V722 
0.166 
0.164 
0.154 

0.159 
0.177 
0211 

0.194 
0230 
0225 
0216 
0286 
0269 

0278 
0.169 
0.172 
0.171 
0214 
0222 
0218 
0249 
0255 
0252 
0235 
0223 
0229 
0250 
0522 
0286 
0202 
0.197 
0200 
0.192 
0.189 
0.191 
0285 
0205 
0230 
0240 

0.046 
0.081 

0219 

- CAR IC 
V723 
0200 
0.157 
0204 

0.181 
0.183 
0.168 

0.176 
0209 
0206 
0.197 
0.183 
0.141 

0.162 
0.170 
0.166 
0.168 
0267 
0226 
0247 
0266 
0250 
02S8 
0203 
0.189 
0.196 
0.192 
0202 
0.197 
0212 
0239 
0226 
0.189 
0.199 
0.194 
0227 
0240 

0234 

0.058 
0.053 

0203 

(Page 4 o 

0.0625gMn/g Fuel 

V724 

0201 
0.152 

0.177 
0290 
0205 
0206 
0234 
0518 
0518 
0290 
0289 
0561 

0525 
0239 
0237 
0238 
0229 
0213 
0221 
0286 
0255 
0271 
0200 
0214 
0207 
0203 
0233 
0218 
0.182 
0226 
0204 
0.194 
0202 
0.198 
0.190 
0211 

0201 

-0.033 
0.024 

0232 

AVE 
0.183 

0.172 

0201 

0234 

0255 

0.192 

0229 

0260 

0211 

0234 

0210 

0.194 

0225 

0.024 
0.053 

0218 

VI 
f 4) 

MMT . 
Errect 
Mn-CI 
-0.035 

i 

-0.004 

0.014 

0.063 

0.074 

0.013 

0.058 

0.087 

0.015 

0.042 

0.029 

0.023 

-0.001 

-0.015 
0.003 

0.034 



P.72 

> 

m 
z 
D 
X I 

Jr ..,. r . . , 

• 

• 



P.73 

COMMENTS ON SAE PAPER 890582 

"CHARACTERIZATION OF AUTOMOTIVE 

CATALYST EXPOSED TO THE FUEL ADDITIVE MMT" 

BY 

ETHYL CORPORATION 

1 MARCH, 1989 " 
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Ethyl Corporation appreciates the opportunity to comment on SAE 

Paper 890582 titled "Characterization of Automotive Catalysts 

Exposed to the Fuel Additive MMT." 

Using very few catalytic converters of unknown history, with no 

supporting tailpipe emission data and with a laboratory test -for 

which no field correlation is shown, the authors conclude that 

"it appears that the fuel additive MMT had a deleterious effect 

on the efficiency of the catalysts tested." They report, but 

otherwise ignore, the lead on the converter and type of service. 

Ethyl® MMT Antiknock Compound has been used in Canadian unleaded 

gasoline since 1977 at levels up to the Canadian General 

Standards Board (CGSB) maximum of 18 mg Mn/liter. To our 

knowledge, the nine catalytic converters referred to in this 

paper represent the first reported problems in Canada. 

Furthermore, in 1986 a Working Group within CGSB, on which Ford 

was represented, did not report any complaints due to MMT. In 

answer to system durability questions, the Working Group 

concluded that: 

"The use of MMT at current CGSB levels does not 
significantly compromise emission-control system 
operation or component durability." 

We refer now to 1979 and 1984 articles written by Ford and 
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published in American Chemical Society journals. (1,2) Both 

articles address the negative effects of lead on precious metal 

catalysts. In the 1979 article the authors state "these 

noble-metal TWC's are susceptible to poisoning by fuels." Using 

a pulse-flame reactor and fuel containing only 7 mg Pb/gal., the 

test converter efficiency dropped by 10% at near stoichiometric 

conditions. At a rich condition converter efficiency dropped by 

50%. Since 1979, both catalyst chemistry and lead contamination 

have changed. Nevertheless, we believe that the potential 

effect of lead must be addressed. 

With the range of lead levels (0.02-0.74% wt.) exhibited in SAE 

Paper 890582, we believe it is appropriate to assume that some 

degree of misfueling occurred. Ford addressed this in 1984. (2) 

"...if misfueling does occur the restoration of catalyst 

activity by simply reverting to unleaded fuel will not be very 

effective..." Based on catalyst industry comments, the lower 

lead levels in gasoline and/or the reduced incidence of 

misfueling which" now exist may have lead to the use of higher 

palladium content catalysts. If so, the finding of the 1984 ACS 

article becomes even more important. "The deactivation of Pd 

(palladium) catalysts by lead (Pb) is more severe than for Pt 

(platinum)." 
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We again turn to previous SAE papers by Ford fo r an analysis of 

MMT's e f f ec t on ca ta l y t i c converters. S p e c i f i c a l l y , Gandhi, et 

al s t a t e t h a t " c a t a l y t i c converter e f f i c i enc ies fo r HC were 

found 2-3% higher wi th MMT fuels than wi th c lear fuels a f te r 

50,000 m i l e s " . Lead l e v e l s o f 0.24 t o 0.45% wt . Pb were 

considered ca ta lys t contaminants. In f a c t , 0.45% wt. Pb on the 

conver te r i n l e t w i thou t MMT, s i g n i f i c a n t l y reduced convertor 

e f f i c i ency (52% con. e f f . fo r HC). (3) 

A second vehic le operating on gasoline containing 0.125 g Mn/gal 

contained 0.24% wt. Pb on the convertor but completed 50,000 

miles wi th 80% conversion e f f i c i ency fo r HC. In the conclusion 

sect ion of SAE Paper 821193 Ford s ta tes : 

"The vehic le data presented using 0.125g Mn/gal 
i n d i c a t e s r e t e n t i o n levels of 1-2% Mn on the 
ca ta l ys t whi le reducing the levels of P, Zn, and 
Pb con tam inan ts . Use o f 0.125g Mn/gal f o r 
50,000 mi at 12 mpg (1975 estimate) would resu l t 
i n approximately 520 g Mn input . The re tent ion 
o f 2% wt . Mn on a 1100 g monol i th ic ca ta lys t 
represents 22 g or on ly 4% o f the i npu t Mn 
re ta i ned by ca ta lys t compared to approximately 
35% Pb- re ten t ion in absence of MMT. This low 
re ten t ion of Mn is i nd i ca t i ve of i n e r t products 
which are on ly p h y s i c a l l y depos i ted and not 
chemically bound to the ca ta lys t sur face. " 

Th i s i n f o r m a t i o n can be compared to manganese l e v e l s o f 

4.2-6414% wt . f o r the two conver to rs analyzed in SAE Paper 

890582. I f we assume that the average level of MMT in Canadian 

gasol ine was 0.03 g Mn/gal and the average fuel consumption of 

the two cars was 18 mpg, then a gross anomaly e x i s t s . 



Recent Ethyl testing of a monolithic three-way catalyst showed 

manganese retention of 2.0% wt. Mn on the catalyst inlet. This 

catalytic converter had operated for 50,000 miles on gasoline 

containing 0.0625 g Mn/gallon. The lead level on the_ catalyst 

was only 0.025 wt.%. 

We feel that considerable evidence suggests that the converters 

in the small sample examined by Ford had unusual histories, and 

question the assumption that "the vehicles were properly 

adjusted and fueled with gasoline that met the Canadian standard 

of 1/16 g/gal." If all cars were fueled properly, one must 

question why lead levels on the catalyst inlet ranged up to 

0.75% wt. Second, proper maintenance is unfortunately not that 

common. Third, manganese retention substantially exceeds 

expectations. 

In the summer of 1987, Ethyl Corporation undertook a program to 

determine if MMT was affecting Canadian cars equipped with 

current technology emission control systems. Using tailpipe 

exhaust emissions as our guide, we evaluated 15 1987 Canadian 

cars of which 5 were Fords. A similar group of U.S. cars was 

evaluated for comparison purposes. As an entire group and as a 

Ford -subset, the emission data and operating experience do not 

suggest converter problems. 
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In 1988 we began a comprehensive 48-car tes t program to evaluate 

the performance of cu r ren t technology engines and emission 

con t ro l systems. Ha l f o f the f l e e t are being operated on 

untreated Howell EEE gasoline and ha l f on Howell EEE gasoline 

plus MMT. The t e s t program is approximately at the halfway 

p o i n t . No inc idence o f c a t a l y s t p l u g g i n g , emission system 

deact ivat ion or excessive change in t a i l p i p e emissions has been 

observed. 

One very important feature being observed in E thy l ' s current 

48-car program re lates to NOx emissions. In almost every case, 

the veh ic le(s) operating on gasoline containing MMT exh ib i t a 

s t a t i s t i c a l l y s i g n i f i c a n t decrease i n the increase in NOx 

emissions over mileage when compared to contro l car emissions. 

Under very s imple s to ich iomet r i c s i tua t ions t h i s could al low 

eng ine o p e r a t i o n w h i l e m a i n t a i n i n g e x c e l l e n t leaner NOx 

cdnvers i o n e f f i c i e n c y . A decrease i n NOx emissions from 

vehicles could resu l t i n reduced ozone format ion. 

We are con t i nu ing to generate extensive informat ion from our 

o n - t h e - r o a d t e s t p rog ram. In a d d i t i o n t o emiss ion and 

o p e r a b i l i t y d a t a , we p l a n t o o b t a i n i n f o r m a t i o n on the 

c o m p & s i t i o n o f c o n v e r t e r s a f t e r ex tens ive use w i t h f u e l s 

containing manganese from Ethyl MMT Antiknock Compound. 
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